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WYETH PRODUCTS IN CLINICAL INVESTIGATION 


PiavoLex* —Clinical evaluation of dextran as a plasma volume expander 


One of a series of reports on current and future trends in therapy 


At the 1953 Annual Convention of the Ameri- 
can Medical Association, Dr. Harry W. Bowman 
reported on the use of PLavoLEX—Wyeth’s new 
dextran plasma volume expander—in more than 
500 infusions.! 


Dr. Bowman stated, “PLAVOLEX, dextran, a 60% 
solution in physiological saline has been eval- 
uated thoroughly by us. We have administered 
more than 500 infusions of PLavotex during a 
period of 18 months. 


“The first 76 infusions of PLavoLEX (dextran) 
were studied under the protocol established by 
the National Research Council. Plasma volume, 
blood volume, hematocrit and excretion studies 
were done on the original 76 patients before and 
after administration of 500 cc. of dextran. Tem- 
perature, pulse rate, respiration, blood pressure, 
skin reactions and temperature, and orientation 
of the patient were recorded on all dextran 


infusions. 


“All of our original studies were done on 
patients free from any drug therapy or com- 
pletely reacted from anesthesia. The age group 
ranged from 18 to 60, and they were not suffering 
from chronic or acute infection. Plasma volume 
and total blood volume studies have been of 
striking interest to us. The response to PLAVOLEX, 
dextran... has been most gratifying to surgeon 
and anesthesiologist, particularly in the treat- 
mentofburns, traumatic shock and surgical shock. 


**We have not noted any tissue changes follow- 
ing the administration of dextran. In over 500 
infusions of dextran, we have also been impressed 
by the evidence that dextran has interfered in no 
way with blood typing or cross-matching.” 


“Dextran appears to be superior in its effect 
on plasma volume expansion to oxypolygelatin, 
serum albumin and plasma.” The table below 
“illustrates the comparative plasma volume ex- 
pansion effect of the four materials. The figures 
point to a prolonged satisfactory response to 


dextran, The remaining three substances fall 
short in producing any prolonged effect’ on 


plasma volume. 


COMPARISON OF THE BLOOD VOLUME EXPANSION PRODUCED 
BY DEXTRAN, GELATIN, SERUM ALBUMIN & PLASMA2 
Average increase in cc. 


Serum 
Dextran — Gelatin Albumin 


827 830 
972 1,173 
526 657 
573 649 
601 
281 

737 111 
1,342 521 

236 133 


“We believe that dextran meets all the clinical 
requirements of a satisfactory plasma volume ex- 
pander because : 


(1) It rarely produces untoward reactions. 

(2) It does not cause antigenicity. 

(3) It is not retained for any significant 
period of time in the body, causing [no] histolog- 
ical changes within the tissues. 

(4) It does not interfere with blood typing 
and cross-matching. 

(5) Plasma volume and blood volume stud- 
ies indicate a very satisfactory response. 

(6) It is immediately available for adminis- 
tration and can be stored at any temperature, 
except freezing.” 

1. Bowman, H.W.: Clinical evaluation of dextran as a plasma 
volume expander. Paper read before the section of anesthesi- 


ology of the American Medical Association, New York, June 
3, 1953. 


2. Hyde, G.M., and others: The blood volume expansion pro- 
duced by gelatin, serum albumin and plasma, Surg., Gynec. 
& Obst. 95:657 (Dec.) 1952. 


Philadelphia 2, Pa. 
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hr. min. 
15 1,000 | 960 
45 1,100 751 
900 1,118 
2 30 1,000 | 1,113 
3 45 1,100 704 
5 1,350 521 

6 30 1,275 647 : 
8 1,100 | 440 
20 275 152 ‘ 
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A NEW MOLECULE 


a 


Discovery of the antimicrobial properties 
of the nitrofurans provided a novel class of 
chemotherapeutic agents. These compounds 
possess specific antibacterial activity with low 
toxicity for human tissues. 

The simplicity and flexibility of this nitro- 
furan nucleus make possible 
numerous variations of its N 
chemical and therapeutic owl Je 
characteristics; a remedy may a 
be tailored to fit the disease. 


~ 
the 
NITROFURANS 


onl 

Aunique classof = / 
antimicrobials 


Products of Eaton Research 


(TAILORED SPECIFICALLY FOR 
A 
REFRACTORY URINARY TRACT INFECTIONS 
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Within recent years we have so designed 
two important antimicrobial nitrofurans for 
topical use: Furacin rT 
brand of nitrofura- 
zone and Furaspor ° 
brand of nitrofur- 
furyl methylether. on CH,OCH, 

Now we have suc- ° 
ceeded in chemically tailoring a unique mole- 
cule, designed specifically for the treatment 
of bacterial urinary tract infections: 


FURADANTIN 


Brand of nitrofurantoin: 
N-(5-nitro-2-furfurylidene)-1-aminohydantoin. 
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pyelonephritis 
cystitis 
pyelitis 


which have proven refractory to 
other antibacterial agents: 


FURADANTIN 


provides definite advantages: 


clinical effectiveness against most of the bacteria of urinary tract in- 
fections, including many strains of Proteus, Aerobacter and Pseudo- 
monas species 


low blood level—bactericidal urinary concentration 
effective in blood, pus and urine—independent of pH 
limited development of bacterial resistance 

rapid sterilization of the urine 

stable 

oral administration 


low incidence of nausea—no abdominal pain—no proctitis or 
pruritus—no crystalluria or hematuria 


non-irritating—no cytotoxicity—no inhibition of phagocytosis 
tailored specifically for urologic use 


Scored tablets of 50 & 100 mg. 
Now available on prescription 
Write for comprehensive literature 


uc 


NORWICH, NEW YORK 
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PE STANDARD’S SPECIALS of the MONTH! 


Malet Keeping Pace with your Laboratory Needs! 
of Supply 


STANDARD POP OUT 
EMBEDDING MOLDS 


Paraffin embedding of histological specimens is greatly expedited with *POP- 
OUT* molds. This is truly a practical method which adds efficiency to the 
laboratory. 


*POP-OUT* molds are made in two sections and hinged together to form the 
complete unit The legs are designed to automatically hold the mold in a 
closed position ready for use. 


fo remove the paraffin, the mold is swung open and the block POPS OUT. 
Precisely machined of hard aluminum alloy, *POP-OUT* molds will withstand 
rough usage. Attractively bright nickel plated. 


PRICE PRICE PER 
CAT. NO SIZE EACH DOZEN 


75277A 22x22x24 mm deep 
75277B | 24x30x24 mm deep | 2.20 24.20 
75277C | 24x40x24 mm deep 2.40 26.40 
24x50x30 mm deep | 2.70 


STANDARD PARAFFIN 
BLOCK TRIMMER 


A caretully designed, compact invention for quickly and accurately 
trimming the specimen block in preparation for mounting. Blade 
is of tempered surgical steel 54 inches long and 1 inch wide. Edge 
is very keen and with ordinary use will stay sharp indefinitely. The 
blade is suspended trom the aluminum base by two pivot bars. The 
blade cuts with an easy slicing action as the plastic knob handle is 
pressed dowarard. This device will accommodate blocks up to 14 
inches by 24 inches. 


Overall dimensions are 44 inches wide and 74 inches long. Entire assembly, with the exception of the blade and knob, is 
attractively nickel plated 


No. 75278, complete $13.50 


ONE PAN 
BERANGER TYPE BALANCE 


FOR GENERAL LABORATORY AND ANIMAL WEIGHING 


No weights to attach or to lose, no complicated reading device; compact, 
simple to operate, it is ideal for rough laboratory weighing, animal weighing, 


ae general autopsy work, and general batch weighing.  Employs a uniquely con 
- venient method of reading, a built-in sliding weight with a micrometer adjust 
: ment. Included in the equipment is a simple zero-ing device and a beam 
arrestment. Finished in stove white enamel, with removable chrome-finished 
pan. 


MASS CUBIC . | 
CAPACITY CAPACITY | SENSITIVITY | READABILITY PRICE 
18460 6K 1650 cc | 2g | 5g 1/4” between Divisions $39.50 y! 
18461 } oK 1650 cc | Ig | 2g 1/4” between Divisions $42.50 
18462 | 10K | 2500 cc 3g | 10g 1 8” between Divisions $46.50 
18463 | 15K 2500 cc 3g 10g 1 8’ between Divisions | $49.50 
(Flat Plate) 3g 10g 1 8” between Divisions | $46.50 


-34 West 4th Street e New York 12, N. Y. 
LABORATORY APPARATUS — REAGENTS AND CHEMICALS 
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Arrangements recently completed between 
the Pfizer and Syntex organizations now 
make possible a complete line of steroid 
hormone preparations available from 
Prizer Lanoratories. On the facing page 
are listed the initial groups of Pfizer Syntex 
preparations you can now specify, including 
Neodrol,” the newest agent for anabolic ef- 
fect and tumor-suppression in selected cases 


with minimal virilizing side effects, 


Research, discovery, development and wide 
clinical acceptance have distinguished 


Pfizer antibiotic agents, so often the choice 


you can now specify Pfizer Syntex 
oral, transmucosal and injectable 
preparations of androgens, estrogens, 
progesterone and combinations 


widely useful in practice today 


of physicians in the control of infectious 


disease. The scientific research facilities and 


production controls of both Pfizer and 


Syntex assure the unsurpassed purity, po- 


tency and clinical excellence of the steroid 


hormone preparations supplied by Prizer 
LABORATORIES. 


Additional information on these specialties 


and their roles in your practice may be ob- 


tained by writing directly to Medical Serv- 
ice Department, Prizer Laboratories, Di- 
vision, Chas. Pfizer & Co., Inc., 630 Flushing 
Avenue, Brooklyn 6, N.Y. 
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SYNANDROTABS* 


SYNANDRETS* 


SYNANDROL* 


SYNANDROL’-F 


DIOGYNETS* 


DIOGYN’-E 


DIOGYN* 


DIOGYN’-B 


ESTRONE 


SYNGESTROTABS"* 


SYNGESTRETS"* 


SYNGESTERONE* 


IN SESAME OIL 


SYNGESTERONE* 


IN AQUEOUS SUSPENSION 


COMBANDRIN* 


COMBANDRETS* 


NEODROL’ 


Methy] Testosterone, U.S.P., Tablets 10 mg. and 25 mg. 


Testosterone, U.S.P., Transmucosal Tablets 10 mg. and 
25 mg. 


Testosterone Propionate, U.S.P., in Sesame Oil 25 mg., 
50 mg. and 100 mg. per cc.; in single-dose disposable 
STERAJECT® cartridges and in 10 cc. multiple-dose vials 


Testosterone, U.S.P., in Aqueous Suspension 25 mg., 50 mg. 
and 100 mg. per ce.; in 10 ce. multiple-dose vials 


Estradiol, U.S.P., Transmucosal Tablets 0.125 mg., 0.25 
mg. and 1.0 mg. 


Ethinyl Estradiol Tablets 0.02 mg., 0.05 mg. and 0.5 mg. 


Estradiol, U.S.P., in Aqueous Suspension 0.25 mg. and 
1.0 mg. per cc.; in single-dose disposable STERAJECT 
cartridges and in 10 ce. multiple-dose vials 


Estradiol Benzoate, U.S.P., in Sesame Oil 0.33 mg. and 
1.0 mg. per cc.; in 10 ce. multiple-dose vials 


Estrone, U.S.P, in Aqueous Suspension 2 mg. and 5 mg. 
per cc.; in 10 ce. multiple-dose vials 


Ethisterone, U.S.P., Tablets 10 mg., 25 mg. and 50 mg. 


Progesterone, U.S.P., Transmucosal Tablets 10 mg., 20 mg. 
and 50 mg. 


Progesterone, U.S.P., in Sesame Oil 10 mg., 25 mg., 50 mg. 
and 100 mg. per cc.; in single-dose disposable STERA- 
JECT cartridges and in 10 cc. multiple-dose vials 


Progesterone, U.S.P., in Aqueous Suspension 25 mg. and 
50 mg. per cc.; in 10 cc. multiple-dose vials 


Estradiol Benzoate, U.S.P.. 1 mg. and Testosterone 
Propionate, U.S.P., in Sesame Oil 20 mg. per ce. In single- 
dose disposable STERAJECT cartridges and in 10 ce, 
multiple-dose vials 


Estradiol, U.S.P., 1 mg. and Testosterone, U.S.P., 10 mg. 
per Transmucosal Tablet 


Stanolone in Aqueous Suspension 50 mg. per cc.; in 10 ce. 
multiple-dose vials 


PFIZER LABORATORIES. Brooklyn 6, New York 


DIVISION, CHAS PFIZER & CO. INC, 
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PHOTOGRAPHICALLY 
RECORDED — SEPARATELY 
OR SIMULTANEOUSLY 


‘ 


Or, your choice of 


ations of phenomena 


*TWIN-BEAM Phonocardiograms 
are fully detailed recordings of ALL of the 
heart sounds and murmurs present. The location, pitch, duration, 

and intensity of a murmur are reproduced with the same 
completeness of detail as are the auricular, first and 
second sounds of the normal record shown above. 


**TWIN-BEAM Electrocardiograms 
show ALL complexes in small animal ’cardiograms 
(such as taken on a mouse) clearly and accurately. 
This new, high deflection speed also permits added accuracy in 
research and clinical human ’cardiography. 


PLUS Electrical Auscultation 
Cardiac sounds and murmurs are heard with the 


TWIN-BEAM exactly as with an acoustic stethoscope. 


TWIN-BEAM CARDIETTE 


For descriptive literature and a complete outline of these and 
many other advantages for the TWIN-BEAM user, address 


SAR BORN co. Cambridge 39, Mass. 


: The double-barrel beneft\—~ 
i 
of a TWIN-BEA record 
| 
| 
| 
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Each ce. contains: 
Dihydrocodeinone Bitartrate 0.365 mg. 


Orthoxine (methoxyphenamine,* 
Upjohn) Hydrochloride ...... 3.38 mg. 


Hyoscyamine Hydrobromide .. . 0.02 mg. 


65.0 mg. 


* Beta-(ortho-methoxypheny!)- 
isopropyl-methylamine 


Available in pint and gallon bottles 


The Upjohn Company, Kalamazoo, Michigan 


cough control 
plus 


bronchodilatation: 


Trademark Reg. U.S. Pat. Off. 
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In addition | to relief ot 


feling ot well-being 4 or tonic was frequently. 


by ¥ patients “Premarin” therapy.” 


4 
“PREMARIN? in the mer 
RIN the menopause | | 
S$ Bstrogente Substances (water-soluble) abo known ay, 
ERST, MCKENNA & HARRISON LIMITED * New York, N. Y. *-Montreal, 
4 


When the infection is a 
gram-negative bacillus, 


anticipate susceptibility to 


There are many reports : 

of infections with 
these bacilli, which 
have continued to a Polymyain 
exacerbate in spite of \ ‘ 
other therapy, until 

administration of 

*‘Acrosporin’ has brought 

about remission and 

carly clearing. 


How Supplied om 
PSEUDOMONAS For intramuscular or intrathecal administration: 
‘AEROSPORIN’ Sterile, 600,000 Units, equivalent 
to 50 mg. Polymyxin Standard 
vial of 20 cc. capacity 


AERUGINOSA 


AEROBACTER KLEBSIELLA For topical application: 


AEROGENES PNEUMONIAE *AEROSPORIN’ Sterile, 200,000 Units, equivalent 
to 20 mg. Polymyrin Standard 
SHIGELLA vial of 20 ce. capacity 


For oral administration: 
*AEROSPORIN’ Compressed, Scored, 
500,000 Units, equivalent 
HEMOPHILUS ESCHERICHIA to 50 mg. Polymyxin Standard 
INFLUENZAE coLt Foil-wrapped in bores of 12 
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‘Carbo-Resin’ Therapy 
Simplifies Control of Edema 


Permits more liberal salt intake, enhances palata- 
bility of diet 


Safely removes sodium from intestinal tract and 
prevents its reabsorption 


¢ Decreases the frequency of need for mercurial diu- 
retics by potentiating their effectiveness 
@ May be lifesaving therapy for patients who have 


developed a resistance to mercury 


e Useful in congestive heart failure, cirrhosis of the 
liver, edema of pregnancy, hypertension, or when- 
ever salt restriction is advisable 


Lilly and Company 
Indianapolis 6, Indiana, U.S.A. 


Suspended in 
orange juice 


Baked into brownies ,, 
Variety is the key to palatable ‘Carbo - Resin’ therapy. 


Blended into 
gelatin dessert 


‘Carbo-Resin,’ Unflavored, may be incorporated into cookies, 
fruit juices, and desserts. Printed recipes for your patients are 
available from the Lilly representative or direct from Indian- 
apolis A book containing low-sodium diets is also available for 
tion to patients. 

ITION: ‘Carbo-Resin’ is supplied in two forms — flavored 
and unflavored. Only “Carbo-Resin,’ Unflavored, is suitable 
POWDER for incorporation into recipes. 4 


(CARBACRYLAMINE RESINS, LILLY) 
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THE EFFECT OF HEXAMETHONIUM 


BROMIDE ON SPLANCHNIC 


BLOOD FLOW, OXYGEN CONSUMPTION AND 


The fall in blood pressure following autonomic 
blockade with methonium compounds could be 
attributed to a fall in cardiae output or to vasodila- 
tation. In the recumbent position, however, 
cardiac output is usually well-maintained (1, 2, 
3, 4) and blood flow through brain (5) and 
kidneys (1, 6) is not greatly altered. Increased 
blood flow has been reported in the digits and 
feet (1). This would hardly account for the 
large fall in blood pressure, and it seemed pos- 
sible that the splanchnic area might be the site 
of the major vasodilatation. There is little in- 
formation concerning splanchnic blood flow after 
hexamethonium. Freis and associates (1) state 
that it is not significantly changed, while Hoobler 
is said to have found a fall after tetraethvlam- 
monium chloride (7). We have therefore studied 
the effect of hexamethonium on splanchnic blood 
flow in subjects without liver disease. The op- 
portunity has also been taken to make observations 
on the metabolic effects of hexamethonium on 
splanchnic oxygen consumption, hepatic glucose 
output and arterial lactic acid concentration. 


METHODS AND MATERIAL 


The 17 subjects had no known hepatic dysfunction or 
disturbance of carbohydrate metabolism, and had not 
previously received hexamethonium. Five had essential 
hypertension with diastolic blood pressures between 90 
and 110 mm. Hg. Studies were made in the morning 
after an overnight fast, and one hour after an oral dose 
of 0.2 Gm. sodium amytal. A radio-opaque nylon catheter 
was introduced under fluoroscopic control into a radicle 
of the hepatic vein, and the subjects were then returned 
to a comfortable position in bed with the head on one 
small pillow. A priming dose of bromsulphalein (B.S.P.) 


1 Giannini Research Fellow. Present address: Depart- 
ment of Medicine, University of Southern California, 
Los Angeles, Calif. 

*Lund Research Fellow of the Diabetic Association 
(Great Britain)—to which we are also indebted for an 


expenses grant 


GLUCOSE OUTPUT IN MAN 


By T. B. REYNOLDS,’ A. PATON, M. FREEMAN,? F. HOWARD, ano 
SHEILA SHERLOCK 


(From the Department of Medicine, Postgraduate Medical School of London, Londen, England) 


(Submitted for publication April 2, 1953; accepted May 1, 1953) 
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was given and B.S.P. (4.5 to 7.0 mg. per min.) was 
infused at a constant rate. An in-dwelling needle was 
placed in a brachial or femoral artery. Thirty to forty 
minutes were allowed for stabilization; simultaneous 
hepatic vein and arterial samples were then taken for 
determination of B.S.P., glucose, lactic acid and oxygen. 
Three or four such determinations were made over 
twenty minutes and the results averaged to obtain the 
control values for splanchnic blood flow, hepatic glucose 
output, arterial lactic acid concentration and arterial- 
hepatic venous oxygen difference. The brachial blood 
pressure (auscultatory) and pulse rate were recorded 
frequently during this time. When the circulatory state 
was reasonably steady, hexamethonium bromide (1 mg. 
per Kg. body weight) was injected intramuscularly and 
the determinations repeated 5, 15, 30, 45 and 60 minutes 
later. In six subjects, observations were continued at 
20 minute intervals for a further hour. 

Estimated splanchnic blood flow (E.S.B.F.) was cal- 
culated with appropriate corrections for changing plasma 
B.S. P. levels (8). Plasma levels over 1 mg. per cent 
were maintained in all instances and extraction by the 
liver always exceeded 15 per cent. Plasma B.S.P. levels 
tended to rise after hexamethonium because of the marked 
fall in E.S.B.F. Decreasing the infusion rate by 20 to 
30> per cent at the time of giving the hexamethonium 
usually prevented this rise. If the B.S.P. level five 
minutes after hexamethonium had risen in spite of this, 
the determination was discarded. 

Hepatic glucose output (HGO) was determined by 
multiplying the arterial-hepatic vein glucose difference 
by the E.S.B.F. For the control value the average of the 
three or four arteriovenous glucose differences was 
multiplied by the average value for blood flow. Intestinal 
and splenic metabolism of glucose is probably negligible 
in the fasting state (9, 10) and the term “hepatic” rather 
than “splanchnic” glucose output has therefore been used 
throughout. 

“Mean” blood pressure was expressed as half the sum 
of the systolic and diastolic auscultatory levels. In cer 
tain subjects this was checked by direct tracings obtained 
by strain gauge from the in-dwelling arterial needle. 

Overall splanchnic vascular resistance was calculated 
by dividing the “mean” blood pressure (mm. Hg) by the 
splanchnic blood flow (ml. per min.) and expressed in 
arbitrary units. 

“Portal venous pressure” was measured with a strain 
gauge in six subjects before and after hexamethonium by 
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the technique of “occluded” hepatic vein catheterization 
(11, 12, 13), the catheter being advanced deep into the 
substance of the liver so as to occlude an hepatic vein. 
A close correlation has been found between the pressure 
recorded in this position and the portal venous pressure 
(13). These six subjects remained recumbent on the 
padded fluoroscopy table throughout the study. 

Blood samples were preserved with heparin and sodium 
fluoride. Glucose was measured on duplicate 0.2 ml. 
whole blood samples (14), bromsulphalein on 1 or 2 ml. 
of plasma (15) and lactic acid on 2 ml. of whole blood 
(16). Oxygen unsaturation was determined without 
delay on 5 ml. blood samples collected under paraffin 
using the Haldane blood gas apparatus (17). Plasma 
volume (18) and surface area were calculated from 
tables. 


RESULTS 
Changes in Splanchnic Circulation (Table 1) 


In 15 subjects the reaction to hexamethonium 
was similar (Figure 1). 
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The “mean” blood pressure fell within 5 min- 
utes, and within 30 minutes had reached levels 
averaging 32 per cent below the control value. 
A fall in blood pressure occurred in all subjects, 
even though recumbent. The magnitude of the fall 
varied considerably, being greatest in those with 
the highest resting values. 

Pulse rate increased by an average of 11 per 
cent of the resting value. 

E.S.B.F, initially was slightly higher than pre- 
viously reported values for norma! subjects under 
similar conditions (15). After hexamethonium 
the E.S.B.F. fell, reaching an average of 67 per 
cent of the control value at the end of 30 minutes. 
The fall in E.S.B.F. paralleled the fall in “mean” 
blood pressure and the correlation coefficient, being 
more than six times its standard error, was there- 
fore highly significant (Figure 2). 
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MEAN Resucts oF 15 OBSERVATIONS SHOWING EFFECT OF HEXA- 
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Semilogarithmic scale. 
is plotted downwards. 


The tncrease in arterial-hepatic vein oxygen difference 
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AND “MEAN” B.P. AFTER HEXAMETHONIUM 


Splanchnic vascular resistance initially was 
highest in those with the highest systemic blood 
pressure, confirming the observations of Culbert- 
son, Wilkins, Ingelfinger, and Bradley (19). 
There was no change following hexamethonium in 
either normotensive or hypertensive subjects. 

Arterial-hepatic venous oxygen difference in- 
creased significantly (Figure 1). This increase 
was entirely due to a drop in hepatic venous 
oxygen content, for arterial oxygen unsaturation 
did not change during the course of the study. 
It coincided in time with the fall in “mean” blood 
pressure and in E.S.B.F. 


“Portal Vein Pressure” (Table 11) 

In six subjects the “portal venous pressure” 
measured by the “occluded” hepatic vein technique 
The degree of fall in 
pressure varied considerably and was unrelated to 
the fall in F.S.B.F. 


fell after hexamethonium. 


Observations during Second Hour 


In six subjects in whom observations were con- 
tinued for a second hour, the fall in blood pressure 
and E.S.B.F. and the increase in arterial-hepatic 
venous oxygen difference were maintained, with 
only a slight return towards control values. 


Anomalous Results 

Two subjects reacted in a different manner 
(T. A., H. H., Table 1). After a brief initial 
drop, E.S.B.F. rose moderately and was ac- 
companied by a fall in arterial-hepatic venous 
oxygen difference. Since the blood pressure fell, 
there was a drop in estimated splanchnic resist- 
ance, indicating splanchnic vasodilatation. There 
was no obvious explanation for this anomalous be- 
haviour. 


Changes in Splanchnic Metabolism (Table IIT) 


Splanchnic oxygen consumption calculated by 
multiplying E.S.B.F. by the arterial-hepatic venous 
oxygen difference did not change significantly 
during the hour following hexamethonium. 


TABLE II 


“Occluded”’ hepatic vein pressure before and 
after hexamethonium 


Occluded hepatic vein 

pressure (mm. Hg) 

Subject Before C6 
10.2 


After C6 


control value) 
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HEXAMETHONIUM AND SPLANCHNIC CIRCULATION 


Hepatic glucose output. The basal glucose out- 
put of 120 mg. per min. per sq. meter agrees 
well with previous findings (20). There were 
considerable fluctuations in output following 
hexamethonium, the mean values being higher 
than the basal output except at 30 minutes. The 
changes, however, were not statistically signifi- 
cant. 

Arterial blood glucose concentration increased 
slightly, but again the change was not statistically 
significant. 

Arterial lactic acid concentration rose from 8.2 
mg. per cent to a maximum of 9.7 mg. per 
cent. This change was of doubtful significance. 


DISCUSSION 


The fall in E.S.B.F. after hexamethonium cor- 
related well with the fall in “mean” blood pressure 
(Figure 2), and there was therefore little change 
in calculated splanchnic vascular resistance. Ap- 
preciable splanchnic vasodilatation apparently did 
not occur and splanchnic blood flow fell as a direct 
consequence of the drop in arterial pressure. This 
is rather surprising inasmuch as changes in ca- 
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pacity of the splanchnic bed have long been 
thought to play an important part in the pro- 
duction of the hypotensive state. The present 
results could have two interpretations. The dose 
of hexamethonium employed might have failed 
to block the splanchnic sympathetic ganglia. This 
could hardly be true of sympathetic ganglia else- 
where, for the general blood pressure fell 
markedly. Alternatively, splanchnic vasodilata- 
tion produced by hexamethonium might have 
been balanced by splanchnic vasoconstriction, in 
response to hypotension. For example, the hy- 
potension initiated by changing from the recum- 
bent to the erect posture is prevented by reflex 
splanchnic vasoconstriction (19). The hypoten- 
sion following hexamethonium might also be 
balanced in this way, although this could hardly 
have been mediated through autonomic ganglia 
which are presumably already blocked. 

Whatever the mechanism, the fall in E.S.B.F. 
was not associated with overall changes in the 
capacity of the splanchnic vascular bed. 

Changes in splanchnic blood flow could, of 
course, be due to alterations in resistance in any 
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HEXAMETHONIUM 


of three systems, namely hepatic arterioles, portal 
vein radicles or intestinal arterioles. All parts 
of the splanchnic vasculature need not react simi- 
larly in producing the overall unchanged splanch- 
nic vascular resistance after hexamethonium. 

Theoretically, constriction in the portal vein 
radicles and dilatation in the intestinal arterioles 
might occur without any change in overall 
vascular resistance. Portal venous pressure 
would then be expected to rise. Hexamethonium, 
however, lowered “portal venous pressure,” sug- 
gesting that there was no significant portal venous 
constriction. 

On the other hand, dilatation in the portal vein 
radicles with intestinal arteriolar constriction 
might occur, and again overall vascular resist- 
ance would be unaltered. In this case there would 
be a fall in portal venous pressure, as in fact 
occurred, However, it seems unlikely that hexa- 
methonium would cause arteriolar vasoconstric- 
tion. 

Hepatic arteriolar dilatation, by raising intra- 
sinusoidal pressure, might decrease portal venous 
inflow (21) and hence total splanchnic blood 
flow. But in this case portal venous pressure 
would be expected to rise. 

Finally, a fall in splanchnic blood flow without 
any change in vessel caliber would lead to a fall 
in portal venous pressure, with unchanged splanch- 
nic vascular resistance. This seems the most 
likely explanation of the present results. 

Additional evidence for the fall in splanchnic 
blood flow was afforded by the arterial-hepatic 
venous oxygen difference. If oxygen utilization 
by the splanchnic area is unchanged (Table IT), 
then the arterial-hepatic venous oxygen difference 
should vary inversely with the splanchnic blood 
flow. This in fact proved to be the case (Figure 
3). The mean rise in arterial-hepatic venous 
oxygen difference was 31 per cent, a similar figure 
to that obtained for E.S.B.F. by the B.S.P. clear- 
ance technique. 

The effects of hexamethonium on the splanch- 
nic area appear to be limited to changes in circula- 
tion. Changes in hepatic glucose output and 
arterial glucose concentration did not occur. The 
failure of arterial lactic acid concentrations to 
rise appreciably indicates that the basal state of 


the subjects was maintained, since blood lactic 
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acid increases rapidly following muscular activity 
or release of epinephrine (22). 


SUM MARY 


The effect of hexamethonium bromide (1 mg. 
per Kg. intramuscularly ) on the splanchnic circula- 
tion, splanchnic oxygen consumption, hepatic 
glucose output and arterial lactic acid concen- 
tration was measured in 17 subjects. 

In 15 subjects splanchnic blood flow fell in 
proportion to the fall in arterial blood pressure. 
No change occurred in splanchnic vascular resist- 
ance, indicating that there was no splanchnic 
vasodilatation. 

In two subjects splanchnic blood flow rose, 
together with a fall in splanchnic vascular resist- 
ance. 

Splanchnic oxygen consumption, hepatic glu- 
cose output and arterial glucose and lactic acid 
concentrations were not significantly altered. 
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THE CHOLESTEROL-ESTERIFYING ENZYME OF HUMAN SERUM. 
I. IN LIVER DISEASE? 
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The presence of an enzyme in normal human 
blood serum capable of esterifying cholesterol in 
vitro was first reported by Sperry (1). He found 
that when serum was incubated its free cholesterol 
decreased while the total cholesterol was un- 
changed. It was concluded that esterification of 
some of the free cholesterol had taken place 
through the action of an enzyme, as the effect was 
abolished by heating the serum to 55 to 60° C. 
prior to incubation. Hemolysis also inhibited the 
reaction as did bile salts. 

It seemed probable that the liver might be con- 
nected in some way with the production of this 
enzyme, as the ratio of free to ester cholesterol 
in the serum is often abnormal in hepatic dis- 
orders. Therefore, in some types of liver disease 
decreased enzyme activity might be expected. 
This was indeed found to be the case and a pre- 
liminary report on a small series of patients was 
made in 1949 (2). Similar results were pub- 
lished simultaneously from the University of 
Madrid (3). 

The behavior of this enzyme has been studied 
in 254 patients with liver disease and an attempt 
has been made to determine wherein this test may 
supplement other tests of liver function. 


METHODS 


Blood was obtained from 20 normal subjects serving 
as controls and from 254 patients with liver disease 
divided as follows: Acute hepatitis—76; chronic hepa- 
titis—19; cirrhosis—69; biliary tract disease—45; carci- 
noma of pancreas or biliary tract—-21; Hodgkin’s disease 
and metastatic carcinoma of the liver—17; miscellaneous 
liver disease—7. As a rule multiple samples were 
secured from each individual to determine enzyme ac- 
tivity throughout the course of the disease. Blood was 
usually drawn from the fasting subject. Samples that 
were visibly hemolyzed were discarded because of the 
inhibiting effect of hemolysis on enzyme activity. 


1 This investigation was aided by research grant H39 
from the National Heart Institute, U. S. Public Health 
Service. 


The amount of total and free cholesterol in a sample of 
serum was determined by the method of Schoenheimer 
and Sperry (4) before and after incubation of the serum 
at 37° C. for 24 hours. The difference between the 
values for free and total cholesterol was assumed to 
represent cholesterol ester. With incubation the amount 
of free cholesterol usually fell. The percentage decrease 
was calculated. As a matter of convenience this drop has 
been expressed by ensyme units. One unit is defined as 
the amount of enzyme activity capable of producing 
a one per cent decrease in the original level of free 
cholesterol. 

Other tests of liver function used for comparison were 
the serum bilirubin, alkaline phosphatase, and cephalin 
flocculation. These were performed in the laboratory 
for routine chemistry by standard methods. 

The following were accepted as normal values for 
the serum: total cholesterol, 150-300 mg. per cent; ester 
cholesterol, 70 per cent or more of the total; activity of 
the cholesterol-esterifying enzyme, 30 units or more; 
bilirubin, less than 1.0 mg. per cent; alkaline phosphatase, 
less than 6.0 Bodansky units. The cephalin flocculation 
is normally negative. 


Normal Subjects 


In 20 normal subjects the total serum cholesterol 
ranged from 156 to 268 mg. per cent, of which 71 to 
75 per cent was esterified. The free cholesterol before 
incubation ranged from 40 to 75 mg. per cent. With 
incubation, enzyme action caused a drop of 31 to 50 
per cent (31 to 50 units) in the free cholesterol. In 17 of 
of the 20 subjects the decrease was 33 to 44 units. 


Hepatitis 


There were 76 patients with viral hepatitis. About 
25 to 30 per cent of these were probably homologous 
serum hepatitis. From the standpoint of enzyme activity 
there was no apparent difference between patients with 
infectious hepatitis and those considered to have homolo- 
gous serum hepatitis. 

Enzyme activity varied according to the week of the 
disease as shown in Figure 1. Admitting the obvious 
difficulty in determining the duration of the disease with 
its insidious onset, enzyme activity was always low in 
the first week of hepatitis. During the second week 
32 of 39 blood samples also had low enzyme activity. 
Thereafter enzyme activity returned to normal so that 
in the fourth week, normal values were obtained in 21 
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Each dot represents one determination. 


of 34 samples and in the sixth week in 16 of 21 samples. 
An increase in enzyme activity of 25 or 30 units in a 
week or two was not uncommon. The greatest increase 
encountered was a rise from 7 enzyme units to 42 units 
in one week. 


The return of enzyme activity to normal occasionally 


preceded other evidence of improvement. The finding of 
normal enzyme activity early in the disease was a good 
prognostic sign. Increasing enzyme activity was as- 
sociated with a good prognosis; falling enzyme activity 
with a poor prognosis. Only one patient who showed 
a significant fall in enzyme activity recovered. This is 


Enzyme 
units 


included in Figure 2 which shows typical examples of 
fluctuations in enzyme activity. 

There were eight deaths in this group of 76 patients. 
All of the fatalities occurred in patients who had less than 
10 enzyme units in the serum. On the other hand 23 pa- 
tients with less than 10 enzyme units recovered. 

In hepatitis when a normal percentage of esterified 
cholesterol was found, normal enzyme activity was en- 
countered except in one case with 27 enzyme units. 
However, normal enzyme activity was noted in 15 patients 
in whom the proportion of esterified cholesterol was 
subnormal (below 70 per cent). Enzyme activity which 
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EXAMPLES OF REPEATED DETERMINATIONS OF ENZYME ACTIVITY IN 


SELECTED PATIENTS WITH VIRAL HEPATITiS 


A rise in enzyme units was associated with a good prognosis; a significant 
fall with a poor prognosis, with the exception illustrated. 


802 
i 
nd ° 
te e e 
one 
30 |. e 
20 [ . 
ee ° | 
| 3 | 7 6 9 10 
. 
40 
4 
a 
30 
/ a 
Py 
Z A 
i. 
° 
| 
2 3 2 3 4 


CHOLESTEROL-ESTERIFYING 


ENZYME 


IN LIVER DISEASE 803 


TABLE 1 
Chemical data on hepatitis patients with negative or slightly positive cephalin flocculation tests 


Serum Cephalin Alkaline Total Cholesterol Enzyme 
Case Sex Age bilirubin flocculation phosphatase cholesterol ester units 
mg. Yo BU. mg. % % 
1 F 41 4.3 + 24.9 615 15 0 
F 18 0 10.1 319 72 27 
3 F 35 21.0 0 3.8 268 30 10 
4 M 28 6.5 0 14.7 285 27 17 
5 M 28 3.6 0 6.7 238 30 25 
6 M 43 11.8 0 7.7 129 39 9 
7 M 18 11.2 0 1.1 254 28 12 
8 F 18 18.2 + 7.3 aaa 30 19 
9 M 50 Be 0 10.7 234 30 13 
10 M 51 16.4 0 8.4 250 40 22 
11 M 16.5 7a 279 26 11 
12 M 39 1741 0 11.1 252 50 19 


was rising might become normal 4 to 14 days before 
a normal serum cholesterol partition was found. 

In 64 of the 76 patients with hepatitis the determina- 
tion of enzyme activity added nothing diagnostically as 
the disease was clearly evident. All of these 64 patients 
had a positive cephalin flocculation and an elevated serum 
bilirubin. In a number of cases there was an increase in 
serum alkaline phosphatase or serum globulin. However, 
in the remaining 12 cases, the determination of enzyme 
activity proved diagnostically helpful. In these the 
cephalin flocculation test was negative in 10 and faintly 
positive in 2. Significant data on these 12 patients are 
given in Table I. 

In Case 1 surgical exploration was planned but de- 
ferred because of the absence of enzyme activity. Within 
six weeks the patient felt well and the serum bilirubin 
had fallen nearly to normal as had the phosphatase. The 
serum cholesterol had dropped to 441 mg. per cent, the 
enzyme units had risen to 21, and the cephalin floccula- 
tion had become 3+. Recovery thereafter was unevent- 
ful. Case 2 was improving when first seen and the 
enzyme units were nearly normal. This was also true 
of Case 5. Case 3 was treated conservatively and im- 
proved promptly. On Case 4 a laparotomy was performed 
for possible biliary tract obstruction. None was found. 
Autopsy revealed a viral hepatitis. Case 6 was also 
operated upon and died shortly thereafter. Biopsy and 
autopsy showed a virus hepatitis. Cases 7 and 8, both 
homologous serum hepatitis, improved steadily. Cases 9 
to 12 were diagnosed pericholangitic hepatitis on biopsy. 


Chronic Hepatitis 


In 19 patients with this diagnosis 11 had less than 30 
units of enzyme, and 8 had normal enzyme activity. The 
decrease in enzyme activity was less marked than in 
acute hepatitis. Four patients had less than 20 enzyme 
units, and in 7 the values ranged from 21 to 29 units. 

The serum bilirubin, alkaline phosphatase, and globulin 
were usually increased. Three of the group had negative 
cephalin flocculation tests. The enzyme activity was 
normal in two of these but in one it was only 13 units. 
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This patient ultimately died of hepatic insufficiency. The 
percentage of cholesterol esters was less than 70 per cent 
in 18 patients, of whom 11 had decreased enzyme activity 
and 7 had normal amounts of enzyme. The single pa- 
tient with a normal proportien of esterified cholesterol 
had 40 units of enzyme. 

In chronic hepatitis, as in acute hepatitis, enzyme 
activity of less than 10 units seemed of prognostic sig- 
nificance. There were two deaths. Shortly prior to 
death, one of these patients had 9 enzyme units and the 
other only 1 unit. One patient who had 9 enzyme units 
on admission gradually improved. 


Cirrhosis 

Low enzyme activity was found in 42 and normal 
activity in 27 of 69 patients with Laennec’s cirrhosis. In 
general, the more severely damaged the liver, as shown by 
other liver function tests, the more likely was decreased 
enzyme activity to be found (Table II). While there was 
a general correlation between enzyme activity and the 


percentage of esterified cholesterol in the serum, it was 
not exact. In eight patients with a normal ratio of 


TABLE I 


Laennec's cirrhosis 


Enzyme activity 


Low Normal 
Number of cases: 42 27 


Total cholesterol —low 18 7 
normal 18 19 
high 6 1 
Per cent esterified cholesterol—low 34 11 
normal 8 16 
Serum bilirubin —increased 32 14 
normal 9 9 
Cephalin flocculation —positive 29 14 
negative 11 12 
Serum alkaline phosphatase —increased 8 & 
normal 31 16 
Albumin/globulin ratio —abnormal 20 13 
normal 10 10 
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TABLE Ill 


Biliary tract disease 


No. of 


Diagnosis patients Enzyme activity 


Total 
cholesterol Ester Cephalin Alkaline 
cholesterol flocculation Bilirubin phosphatase 
Low High decreased positive increased increased 


Cholecystitis and cholangitis 19 
OW 

Obstruction due to stone 8 normal 6 

low Zz 

Biliary cirrhosis 10 normal 2 

low 8 

Common duct stricture 6 normal 5 

low 1 

Congenital atresia 2 normal 1 

low 1 

Total 45 normal 28 

low 17 


a4 0 1 1 11 11 
1 1 3 k 3 5 
0 1 5 0 6 6 
0 2 2 0 2 z 
0 1 0 0 4 2 
0 6 6 7 8 8 
0 1 5 0 4 § 
0 1 1 1 1 1 
0 0 1 0 1 1 
0 1 1 0 1 1 
3 14 25 12 39 42 


cholesterol ester, low enzyme activity was detected, 
while in 11 patients with a decreased percentage of ester, 
normal enzyme values were obtained. 

In this disease there was very little correlation between 
the cephalin flocculation and enzyme activity. The floc- 
culation test was positive in 43 patients, 29 of whom had 
decreased and 14 normal amounts of enzyme. In the 23 
cases with negative cephalin flocculation, 12 had normal 
and 11 decreased enzyme activity. 

Enzyme activity appears not to have diagnostic value 
in cirrhosis. From the standpoint of prognosis, however, 
determination of enzyme activity may be of value. There 
were 11 deaths in this series. In two instances enzyme 
activity was normal. Both of these patients died from 
ruptured esophageal varices. In nine of the fatal cases 
enzyme activity was low. Death was due to hepatic in- 
sufficiency in seven of these, to hemorrhage in one, and 
to primary liver carcinoma in the remaining case. 


Biliary Tract Disease 


The 45 patients in this group were subdivided as fol- 
lows: Cholecystitis and cholangitis—19 cases; obstructive 
jaundice due to common duct stone—8 cases; biliary cir- 
rhosis—10 cases; cicatricial stricture of the common duct 
—6 cases; congenital atresia of bile ducts—2 cases (Table 
III). It was realized that this separation at times was 
arbitrary and that overlap might occur. 

Decreased enzyme activity was noted in 17. This 
reduction was slight (26 to 28 enzyme units) in cho- 
lecystitis. In general, the lowered enzyme activity paral- 
leled a positive cephalin flocculation test and probably 
was the result of biliary cirrhosis. 

High levels of total serum cholesterol were found in 
biliary cirrhosis and with obstruction due to an increase 
in free cholesterol and a corresponding decrease in 
esterified cholesterol. There was poor correlation be- 
tween decreased enzyme activity and a low cholesterol 
ester fraction. 

The serum alkaline phosphatase was high in 42 and the 
serum bilirubin in 39. 


Obstructive Jaundice Due to Neoplasm 


There were 21 patients with jaundice resulting from an 
obstructing neoplasm; pancreatic carcinoma in 14, carci- 
noma of bile duct in 2, and of gall bladder in 2. The 
remaining 3 cases were carcinoma of stomach, lympho- 
sarcoma, and a benign papilloma of the common bile 
duct. 

The serum bilirubin and alkaline phosphatase were in- 
creased in all. The cephalin flocculation test was nega- 
tive in 18, positive in 1, and not done in 2. Total serum 
cholesterol values were high in 15. The percentage of 
esterified cholesterol was subnormal in 19. Enzyme ac- 
tivity was decreased in 16. 


Hodgkin's Disease and Metastatic Involvement 
of Liver 


Of the 17 patients in this group, enzyme activity was 
decreased in 7. The total serum cholesterol was low in 
6, high in 6. Esterified cholesterol was decreased in 13. 

Two patients had only cholesterol determinations and 
no other liver function tests. In the remaining 15 cases, 
the cephalin flocculation test was positive in 6, the serum 
bilirubin elevated in 6, and the alkaline phosphatase was 
high in 13. 


Miscellaneous Liver Disease 

There were seven patients in this group. Three of 
these had liver abscess. There was one case of each of 
the following: infectious mononucleosis, miliary tuber- 
culosis, carbon tetrachloride poisoning, cavernomatous 
transformation of the portal vein. These cases are ob- 
viously too few for detailed analysis. Enzyme activity 
was normal in all. 


DISCUSSION 


It may fairly be asked whether determination 
of the activity of the cholesterol esterifying enzyme 
yields diagnostic information beyond that af- 
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CHOLESTEROL-ESTERIFYING ENZYME IN LIVER DISEASE 


forded by the usual serum cholesterol partition. 
We believe that the answer is in the affirmative in 
a number of situations. 

There are two ways in which a decreased pro- 
portion of esterified cholesterol in the serum may 
arise: 1) an actual decrease in the amount of 
cholesterol ester without a corresponding de- 
crease in free cholesterol, or 2) an actual in- 
crease in the amount of free cholesterol without 
a corresponding increase in ester cholesterol. De- 
termination of enzyme activity helps to differenti- 
ate between these two causes of a low percentage 
of esterified cholesterol. This is particularly true 
in obstructive jaundice due to gall-stones where 
the percentage of ester cholesterol is usually low 
as a result of an accumulation of free cholesterol 
in the blood. In these cases the enzyme activity is 
usually normal. Less often this is seen with an 
obstructing carcinoma, chronic hepatitis or biliary 
tract disease. In cirrhosis the lack of correlation 
between enzyme activity and the ratio of choles- 
terol ester should be emphasized. Furthermore, 
in the course of acute hepatitis the return to 
normal of enzyme values before the restitution of 
a normal cholesterol partition is of interest. 

The value of the determination of enzyme ac- 
tivity in the prognosis of hepatitis and cirrhosis 
has been stressed. All the deaths due to acute or 
chronic hepatitis in this series have occurred in 
patients with less than 10 enzyme units in the 
serum. All deaths due to hepatic insufficiency in 
the patients with Laennec’s cirrhosis have also oc- 
curred in the group with low enzyme activity. 

The diagnostic applications of the test may be 
summarized as follows: Decreased enzyme ac- 
tivity is found uniformly in the early stages of 
acute hepatitis. In most instances the diagnosis 
is apparent without the aid of the determination 
of enzyme activity, particularly as a_ positive 
cephalin flocculation test points strongly to damage 
of the liver parenchyma. However, in 12 of the 
76 cases of hepatitis the cephalin flocculation test 
was negative and the finding of low enzyme values 
in these cases threw the weight of diagnostic evi- 
dence toward hepatitis. Included in this category 
were the four cases of pericholangitic hepatitis. 

In chronic hepatitis low levels of enzyme ac- 
tivity are often found but this does not help to 
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differentiate the condition from cirrhosis, either 
portal or biliary. In Laennec’s cirrhosis, the 
serum of about 60 per cent of the patients shows 
decreased enzyme activity but this is not a diag- 
nostic aid as a rule. In biliary cirrhosis 8 of the 
10 patients were found to have decreased activity 
of the enzyme. 

In contrast to hepatitis and cirrhosis enzyme 
activity was usually normal in cholecystitis, cho- 
langitis, obstructive jaundice due to gall-stones, 
and cicatricial deformity of the common ducts. 
However, in obstructive jaundice due to neoplasm 
decreased enzyme activity was noted in 16 of the 
21 cases. 

It had been hoped originally that the determina- 
tion of enzyme activity would serve to differenti- 
ate between parenchymal liver disease and extra- 
hepatic obstruction. While this proved to be true 
in disease of the biliary tree other than neoplasm, 
its failure in obstructive jaundice due to tumor 
proved disappointing. Some type of inhibiting 
substance in the serum has been postulated. It 
seemed possible that this might be cholic acid as 
Sperry (1) had shown that bile salts would 
inhibit the activity of the enzyme. So far, we have 
not been able to demonstrate that this is the 
mechanism involved in these cases. 

In analyzing further the patients with obstruc- 
tive jaundice due to neoplasm whose serum showed 
decreased enzyme activity, an interesting tetrad of 
chemical findings emerged. In 12 of the 16 pa- 
tients the following combination was found: 1) 
serum bilirubin 10 mg. per cent or more; 2) 
serum alkaline phosphatase 10 Bodansky units 
or more; 3) total serum cholestero! 300 mg. per 
cent or more; 4) negative cephalin flocculation. 
In the remaining 238 cases in the total series, this 
tetrad was encountered in only six. Four of the 
six patients had obstructive jaundice due respec- 
tively to neoplasm, cicatrix, stone, and congenital 
atresia of the bile ducts. (The patient with the 
neoplasm had normal enzyme activity.) One 
patient was diagnostically puzzling but finally 
classified as having biliary cirrhosis. In the sixth 
patient who had viral hepatitis, the tetrad was 
found transiently a week or two before death. 
Thus in the 18 cases with this tetrad, a surgical 
condition was present in 16. 
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SUMMARY 

1. Observations on the activity of the cho- 
lesterol-esterifying enzyme have been made in 
254 cases of liver disease. 

2. In hepatitis, enzyme activity was uniformly 
low early in the course of the disease. Determina- 
tion of enzyme activity was of diagnostic value 
in the 16 per cent of the cases in this group who 
had negative cephalin flocculation tests. Prog- 
nostically, decreasing enzyme activity was an 
ominous sign. All the deaths in this group oc- 
cured in patients with less than ten enzyme units. 

3. Diminished enzyme activity was found in 42 
of 69 cases of Laennec’s cirrhosis. The test had 
little diagnostic value in this condition but from 
a prognostic standpoint it was noted that deaths 
from hepatic insufficiency all occurred in the 
group with low enzyme activity. 

4. In biliary cirrhosis, enzyme activity was 
usually low. 

5. Normal enzyme activity was usually found 
in patients with cholecystitis, cholelithiasis and 
common duct stricture. The test was often of 


diagnostic value in these conditions. 


6. In 16 of 21 cases of obstructive jaundice due 
to neoplasm enzyme activity was decreased. In 
12 of the 16 there was encountered a tetrad con- 
sisting of: serum bilirubin above 10 mg. per cent, 
alkaline phosphacase sxbove 10 Bodansky units, 
total cholesterol above 300 mg. per cent, and a 
negative cephalin flocculation test. This com- 
bination was found in only six other patients and 
four of these had obstructive jaundice. Thus, of 
the 18 patients showing the tetrad, extrahepatic 
obstructive jaundice was present in 16, 
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FACTORS INFLUENCING THE DIURETIC RESPONSE OF SEATED 


SUBJECTS TO THE INGESTION OF ISOTONIC SALINE 


The ingestion of isotonic saline solution, long 
considered to have little or no immediate effect on 
urine flow (1), has recently been shown by 
Blomhert (2) to be followed by brisk water 
Further, investigators have 
demonstrated that similar diuresis may result 


diuresis. several 
from intravenous infusion of isotonic saline solu- 
tion (2, 3,4). Examination of the latter experi- 
ments reveals at least three factors which appear 
to be of importance in determining whether water 
diuresis ensues: hydration, posture and time of 
day. Thus Ladd (3) found that diuresis follow- 
ing saline infusion occurred only if the subjects 
had been prehydrated eight to thirteen hours be- 
fore the infusion was given. A previous study 
from this laboratory (4) showed that diuresis oc- 
curred in recumbent subjects but not in those 
quietly seated in a chair. Blomhert (2) did not 
observe diuresis when infusion was accomplished 
at night, although it occurred regularly under the 
same conditions during the day. 

Since Blomhert’s studies were made only on 
recumbent subjects and no mention of posture is 
to be found in other reports concerning the 
response to ingested saline, it was deemed worth- 
while to ascertain whether diuresis might be 
induced, and if so, under what circumstances, 
following saline ingestion by seated subjects. 


METHODS 


The subjects were essertially healthy male adults free 
of cardiovascular, renal and endocrine disease. Except 
for standing to void at appropriate intervals, they re 
mained quietly seated in a straight backed chair during 
the study. Methods of analysis have been described in 


recent publications from this laboratory (4, 5). 
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RESULTS 


A. Observations on the response to saline in- 
gestion in trained subjects with and without 
prior hydration 

The subjects were three physicians accustomed 

to the procedures involved and capable of volun- 
tarily emptying their bladders at short intervals. 
In the first study the subjects drank approxi- 
mately one liter of fluid with breakfast and col- 
lected urine at intervals until the flow had declined 
from its peak rate to less than 2 ml. per min. At 
this time one liter of 0.9 per cent saline was 
ingested within 10 minutes. In each instance 
the rate of urine flow increased briefly, reaching 
peak flows of 3.3, 4.7 and 5.9 ml. per min. in the 
third quarter hour and returning to the initial rate 
at the end of an hour. Data for one subject are 
shown in Figure 1. The other two subjects 
showed similar changes. Urinary electrolyte and 
creatinine concentrations as well as specific gravity 
fell. Urea and ammonia excretion were measured 
in one subject. The total solute concentration, 
estimated as the sum of urea plus twice the 
sodium, potassium, and ammonia (in order to 
include their accompanying anions), at the time 
of maximum flow was 185 mM per L., definitely 
hypotonic to extracellular fluid. Creatinine ex- 
cretion remained relatively constant! suggesting 
that the diuresis resulted from diminished tubular 
reabsorption of water rather than increased filtra- 
tion. 


1Since venipuncture, no matter how. skillfully per- 
formed, might constitute an antidiuretic stimulus, no 
blood was obtained for analysis. However it is im- 
probable that significant variation in serum creatinine 
occurred during the short time intervals involved. The 
validity of creatinine clearance as an index of glomerular 
filtration rate in normal man has been confirmed (6). 
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Saline was ingested in each case at the time indicated 
by the arrow. Only the last two digits of the specific 
gravity are shown. 


When the saline was ingested under identical 
conditions save that fluids at breakfast were re- 
stricted to 250 ml. there occurred only a slight 
augmentation in urine flow (Figure 1). The 
other subjects reacted similarly. 

At the end of one hour, when it was apparent 
that a diuretic response was not forthcoming, a 
second liter of saline was ingested during a period 
of ten minutes. Urine collections were continued 
for two hours. Diuresis did not occur. En- 
deavors to administer larger volumes of saline 
were frustrated by the appearance of mild cramps 
and frank diarrhea. 

These observations indicate that in seated sub- 
jects who are on the descending limb of a previous 
water diuresis, transient but definite water diuresis 
may follow the ingestion of one liter of isotonic 
saline solution, but that in normally hydrated, 
seated subjects neither one nor two liters of in- 
gested saline leads to such a response. 


B. Observations on normally hydrated subjects 
with and without prior salt loading 


Without previous preparation each of four sub- 
jects came to the laboratory one to two hours after 
a breakfast in which fluids were restricted to 250 
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ml. Following the collection of timed control 
urine specimens, blood was obtained for analysis 
and the subject drank one liter of 0.9 per cent 
saline solution within 10 to 20 minutes. Urine 
was obtained at approximately hourly intervals 
thereafter for the next three hours. During the 
remainder of the afternoon, but before 6 P.M., 
the subject drank sufficient 0.9 per cent saline solu- 
tion, to constitute together with the initial liter, 
a load of 6.2 mEq. per Kg.* The subjects ate 
their usual meals (with salt as desired) and took 
whatever additional liquids they wished. The 
following morning the procedure of the preceding 
day insofar as venipuncture, urine collections and 
saline ingestion were concerned was repeated. 

In each instance when saline was ingested with- 
out antecedent administration of extra salt there 
was a minor increase in urine flow associated with 
an increased concentration of salt therein (Table 
I). 

Following the salt loading there was in each 
instance a gain of weight (average 0.9 Kg.) as- 
cribable to an increase in the volume of extra- 
cellular fluid (Table II). Although the initial 
urine flow was distinctly greater than on the 
preceding day, so was the rate of sodium chloride 
excretion, as a result of which the urinary elec- 
trolyte concentration differed little from that 
which obtained 24 hours earlier. 

Following the ingestion of saline, diuresis com- 
menced promptly, reaching peak flows of 5.0 to 
8.9 ml. per min. within an hour and accompanied 
by a sharp fall in the concentration of electrolytes, 
in creatinine U/P ratio and in urinary specific 
gravity. Creatinine clearances exhibited no con- 
sistent changes. In one subject in whom urea 
concentration was determined, the sum of the 
concentration of urea plus 2(Na + K), an esti- 
mate of the total urinary solutes, had declined to 
152 mM per L., at the time of maximum diuresis, 
or approximately one-half the osmolarity of extra- 
cellular fluid. 

In the other three experiments hypotonicity of 
the urine to the plasma at the time of maximum 
diuresis may be inferred in view of the fact that 
the concentration of the major urinary electrolytes 
(2 Na + K) was between 102 and 175 mM per L. 


2In the case of subject WHB the salt loading was 
accomplished three days later rather than on the same day. 
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FACTORS INFLUENCING 


DIURESIS AFTER SALINE INGESTION 


TABLE 


The effect of the ingestion of isotonic saline solution on urine flow and specific gravity, concentration of electrolytes, creatinine 


Time 


Na 


Minutes 


WHB 
Control 


moos 


After 
re- 
oading 


CT 
Control 


NOANwW SY IH F 


After 
re- 
oading 


AC 
Control 


S SSSS NN NON 


CON SOU 


After 
re- 
oading 


RD§ 
Control 


After 
re- 


* Only the last two digits are given. 
¢t Pre = Control period before saline ingestion. 


micro-Eq./ 
min. 


mEq./L. mi. /min. 


138 75 
187 120 
174 97 
129 155 


mEq./L. 


180 
166 
154 
153 
150 


584 
680 
655 
588 
440 


104 49 
122 145 
114 155 
126 184 


147t 
147t 
137 
148 
153 


308t 
532} 
438 
545 
600 


126 60 
122 95 
115 118 


134 
136 
119 
125 
126 


108 
118 
129 
125 


228 


132 
130 
138 
138 
137 


¢ The actual values obtained for these two periods indicate incomplete bladder emptying at the end of the control 
period and have been corrected by creatinine excretion on the assumption that the actual creatinine clearance remained 


constant. 


§ Urinary urea + ammonia concentration in subject RD was 488, 406, 371 and 351 mM/L. in the control study and 
88, 131, 34, 88 and 63 mM/L. in the study after pre-loading with salt. 


C. Observations on hydropenic subjects with and 
without prior salt loading 


In order to determine the effect of prior salt 
loading under conditions of moderate hydropenia 
each of the five subjects was studied in the “basal” 
state, t.c., deprived of food and fluid overnight, 
prior to ingesting the test dose of saline. In none 


of these subjects did diuresis follow the ingestion 
of saline prior to pre-loading with salt solution. 
Following such pre-loading, however, two of the 
subjects responded to saline ingestion with 
diureses identical to those of non-hydropenic sub- 
jects, achieving peak flows of 6.5 and 8.0 ml. per 


min. with corresponding declines in specific grav- 
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U/P ratio and clearance, and sodium excretion, before and after pre-loading with saline 
Urine 
Subject Spec. 4 
Period 7 Flow Grav.* |_| K cl Cr Ce Na ; 
U/P 
a Pret 26 150 94 220 276 
+ 60 24 180 107 264 267 
+123 24 143 166 304 249 | 
+189 22 160 178 312 129 
Pre 15 240 38 265 75 a 
+ 33 04 77 11 80 19 
+ 68 06 93 15 101 22 Bs 
+100 14 214 49 222 57 
+138 14 202 61 237 68 
P| Pre 30 169 110 232 347 
+ 60 21 202 50 216 174 
+120 24 266 82 293 190 ; 
+180 24 256 83 326 180 a 
Pre I 13 186 24 216 70t 
+ 31 06 69t ot 66t 19t 
+ 67 04 50 5 51 16 : 
+102 13 187 21 192 51 
+135 13 200 25 223 51 
a Pre 22 90 96 141 180 as 
+ 60 18 93 92 152 122 
+120 19 114 105 190 115 tf 
Pre 15 137 33 156 79 = 
+ 30 08 67 22 72 39 KX 
+ 60 06 47 16 47 24 233 
+ 90 15 201 44 215 78 329 
+120 14 182 48 210 60 383 : 
| | Pre 17 79 107 114 270 31 ; 
+ 60 22 53 138 122 197 32 é 
+123 Ze 100 89 172 143 92 
+163 dz 128 105 205 125 121 ie 
Pre 14 143 24 147 55 341 
+ 30 20 214 34 211 100 286 : 
-+ 60 03 Si 8 50 21 334 
+ 90 14 184 32 193 60 428 
+120 11 131 30 146 39 459 
tal 
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ity and electrolyte concentration. The remaining 
three subjects exhibited little or no change in 
urine flow after saline ingestion. Thus it would 
appear that in the presence of an osmotic stimulus 
to antidiuresis from dehydration, saline ingestion 
may or may not be followed by an increased flow 
of dilute urine even when the subject has been 
pre-loaded with salt. 


DISCUSSION 

Blomhert has clearly shown that water diuresis 
may follow the ingestion of isotonic saline solu- 
tion by normally hydrated recumbent subjects 
(2). The observations reported here, all made 
on seated subjects, may be summarized in tabular 
fashion according to 1) the state of hydration, 2) 
the prior ingestion of a salt-load, and 3) the 
occurrence of diuretic response : 


Previous 

State of salt Diuretic 

hydration loading response 
Slight hydropenia None 0/5 
Normal None 0/7 
Slightly increased None 3/3 transient, 

slight 

Slight hydropenia Yes 2/5 brisk 
Normal Yes 4/4 brisk 


The absence of water diuresis following the 
ingestion of one to two liters of isotonic saline by 
hydrated seated subjects was not surprising in 
view of the fact that the intravenous infusion of 
three liters of isotonic saline is similarly ineffective 
in seated subjects (4). 

The observation that when antidiuretic activity 
presumably was relatively low (as when trained 
subjects were on the descending limb of a previ- 
ous water diuresis), definite if slight and transient 
water diuresis followed the ingestion of one liter 
of isotonic saline, although this did not occur when 
these subjects ingested saline under conditions of 
normal hydration, suggests an interplay of forces 
upon the mechanism or mechanisms involved : nor- 
mal hydration and the sitting position constituting 
slight antidiuretic stimuli and saline ingestion a 
moderate diuretic stimulus. These subjects, by 
virtue of their familiarity with the procedures in- 
volved, may be considered to have been free of 
significant emotional antidiuretic stimuli. 

Since there is no reason to believe that water 
is preferentially absorbed 


from the  gastro- 


intestinal tract when isotonic saline is ingested, 
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it is unlikely that alterations in the effective 
osmotic pressure of the plasma and extracellular 
fluid explain the diuresis observed. The sug- 
gestion has been made on the basis of the studies 
cited above (3, 4) as well as others (7, 8) that 
critical changes in the volume or distribution of 
the extracellular fluid or alternatively in plasma 
volume or distribution, may mediate true water 
diuresis (9). 

The inability of normal man rapidly to dispose 
of a large isotonic saline load affords a simple 
means of further examining this hypothesis 
through the administration of such a load on the 
day preceding the test dose of saline. Although 
such a load, with the excess of chloride, might 
conceivably elevate serum chloride levels, no 
changes of significance were noted (Table IT). 
The decline in serum total proteins, hemoglobin 
and hematocrit all suggest an expansion of plasma 
volume. The average gain of 900 Gm. in weight 
above that of the preceding morning is readily 
ascribable to an expansion of extracellular fluid 
volume in both interstitial and plasma compart- 
ments. In contrast to sitting subjects receiving 
isotonic saline intravenously who frequently ex- 
hibit slight pitting edema of the legs, these sub- 
jects who received saline on the preceding day, 
awoke on the next morning with perceptible puffi- 
ness about the eyes and no edema of the legs. 
The impression is thus gained that the distribu- 
tion of the presumed 900 ml. increase in extra- 
cellular volume was different from that obtaining 
when a similar or even larger expansion was ac- 
complished in the sitting position without an in- 
tervening period of recumbency. 

Whatever the difference may be, however, it is 
clear that the pre-loaded subjects, being seated in 
a chair and normally hydrated, developed a 
prompt water diuresis when they ingested a liter 
of saline on the following morning. This did not 
occur in any instance under comparable circum- 
stances when the subjects were not pre-loaded 
with salt. The fact that three of the five subjects 
who were given saline under the same conditions 
save for the fact that they had had no fluids for 
12 hours, failed to exhibit diuresis, suggests that 
the osmotic stimulus to antidiuresis thus present 
from hydropenia was sufficient to prevent the 
Such an interplay of factors has been 


response, 


* 


FACTORS 


INFLUENCING DIURESIS AFTER SALINE 


INGESTION 


TABLE I 


The effect of pre-loading with saline on body weight and on the constituents of the blood and the volume of plasma 


Serum 


Weight _ cl T 
4 mEq./L. mEq./L. mEq/L. Gm. % 


Subject 
Period Kg. 


PV2/PVi X 
From 
Het. and 
Hgb. 
per cent 


Blood 
From 
TP 


WHB 
Control 
Pre-loaded 
Control 
Pre-loaded 


AC 
Control 
Pre-loaded 


RD 
Control 
Pre-loaded 


63.87 


142 108 
64.53 4 


4 
141 4. 106 


72.60 
73.70 


142 
140 


105 
106 


69.11 
70.00 


144 
142 


103 
102 


63.90 
65.08 


103 


141 A 
107 


144 


percen 


14.6 
14.6 


48.0 
46.2 


100 
104 


100 
105 


49.0 
46.0 


100 
123 


100 
105 


100 
129 


100 
109 


7.0 
6.8 


100 
103 


100 
103 


* PV2/PV, X 100 indicates the calculated ratio of the new to the original plasma volume expressed as per cent. 


The formulae employed are: 
PV: 
PV, 
PV, _ TPs 
PV; TPs 


noted in connection with alcohol induced diuresis, 
which can be largely eliminated by giving dry salt 
with the alcohol and thus producing an osmotic 
antidiuretic stimulus (10). 

In each instance when diuresis was observed 
in the above experiments it was associated with a 
decreased electrolyte concentration in the urine, a 
decreased creatinine U/P ratio and an unchanged 
rate of creatinine excretion or clearance. Urinary 
specific gravity fell and the rate of electrolyte ex- 
cretion showed little change or moderate increase. 
When this type of diuretic response follows the 
administration of water or hypotonic solutions it 
is presumed to be due to diminished antidiuretic 
hormone secretion. It may be noted parentheti- 
cally that although direct evidence is available 
indicating the responsiveness of the canine neuro- 
hypophysis (or some structure lying within the 
distribution of the internal carotid artery) to hy- 
pertonicity (11), the effect of hypotonicity is 
inferential. Since no other mechanism is known 
which leads to precisely this type of diuresis in 
man, the hypothesis that the water diuresis ob- 
served in the present experiments is mediated 
through the  supra-opticohypophyseal system 
seems not unreasonable. 


(1 — Hete) 


(1 — Het,) 


Hgbi 
H g b 2 


CONCLUSIONS 


1. The ingestion of one or two liters of 0.9 
per cent saline solution by normally hydrated 
sitting subjects is not followed by a water diuresis. 

2. The ingestion of one liter of 0.9 per cent 
saline solution by seated subjects who are on the 
descending limb of a previously induced water 
diuresis may be followed by a slight and transient 
augmentation of urine flow. 

3. The ingestion of one liter of 0.9 per cent 
saline solution by normally hydrated seated sub- 
jects who have ingested excess salt on the preced- 
ing day (and whose extracellular fluid volume has 
presumably been expanded thereby) is followed 
by a prompt water diuresis. This does not occur 
regularly if the subjects are moderately hydro- 
penic. 

4. Responsiveness of the supra-opticohypophy- 
seal system to changes in the volume or distribu- 
tion of extracellular fluid is inferred. 
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INTRODUCTION 


Measurements of urinary adrenal corticoid ex- 
cretions have been widely used for the evaluation 
of adrenal hormone production and degradation. 
The possibility that renal dysfunction may alter 
the urinary excretion of these substances is gen- 
erally ignored. 

The present study was done in experimental 
animals in which controlled acute unilateral al- 
terations of renal hemodynamics were produced 
during periods of hormone administration. The 
results indicate that alterations in renal hemo- 
dynamics are associated with definite changes in 
urinary corticoid excretion. 


METHODS 


Studies were done on four trained unanesthetized fe- 
male dogs surgically prepared by Dr. Walter S. Kerr, 
Jr. These animals had their bladder trigone explanted 
to the anterior abdominal wall so that urine could be 
collected separately from each kidney. The right kidney 
was explanted and a skin cuff was placed around the 
right renal artery so that by compression of this artery 
the glomerular filtration rate could be unilaterally altered. 
The opposite kidney served as the control in these studies. 

Three of the animals had no more than 10 per cent 
difference in creatinine and inulin clearances of the two 
kidneys prior to compression of the exposed renal artery. 
By means of varying degrees of compression of the 
exposed renal artery, various gradations of reduction in 
filtration rate were obtained unilaterally. The other 
animal showed a persistent decrease of approximately 50 
per cent in creatinine and inulin clearances from the ex- 
planted kidney. This latter animal later had approxi- 
mately 40 per cent of the control left kidney removed 
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can Heart Association and the Worcester District Chap- 
ter of the Massachusetts Heart Association. 

2 Milton Research Fellow in Pediatrics, Harvard Medi- 
cal School, 1951-1952. Present address: Staff Physician, 
Boston Veterans Administration Hospital, Boston, Mass. 

8 Howard Hughes Fellow in Medicine. 


THE RELATIONSHIP OF THE RENAL EXCRETION OF ADRENAL 
CORTICOIDS TO VARIATIONS IN RENAL HEMODYNAMICS? 


By LEON J. MARKS? anp ALEXANDER LEAF THE TECHNICAL ASSISTANCE OF 
KIRSTEN VAN LOON 
(From the Research Laboratory, Boston Veterans Administration Hospital and the Children’s 


Medical Service and the Department of Medicine, Massachusetts General Hospital, 
and the Departments of Pediatrics and Medicine, Harvard Medical School) 


(Submitted for publication February 18, 1953; accepted May 15, 1953) 


813 


surgically and was restudied three weeks post-operatively. 

In these studies, endogenous creatinine clearances were 
used as the measure of glomerular filtration rate. Urine 
creatinine was analyzed by the method of Bonsnes and 
Taussky (1) and serum creatinine by the method of Hare 
and Hare (2). It has been shown that the clearance of 
true or exogenous creatinine is identical with the inulin 
clearance in the dog (3). As the method used for serum 
creatinine chromogen has been shown to yield values 
equal to true creatinine (4) it was felt that the endogenous 
creatinine clearances represented a measure of glomerular 
filtration rate in these experiments. Clearances on dif- 
ferent days of inulin and exogenous creatinine in the 
same animals gave values comparable to those obtained 
by endogenous creatinine clearances in this study. 

The biologically active adrenal corticoids in the urine 
were measured quantitively by the Speir’s mouse eosino 
phile bio-assay (5). Adrenalectomized BBF, mice were 
injected subcutaneously with 20 gamma of epinephrine 
and four hours later eosinophil counts were performed. 
Mice with eosinophil counts lower than 100 per cubic 
millimeter of whole blood were discarded. _ To assay urine 
quantitatively a standard dose-response curve was pre- 
pared using cortisone dissolved in 10 per cent ethanol. 
The sensitivity of this assay was found to be between 
0.5 to 6 gamma of cortisone, in good agreement with 
Speir’s results (5). Either 0.5 or 1.0 cc. of urine was 
injected per mouse. Four to eight mice were used per 
urine specimen. The urine was used either immediately 
or promptly frozen and used within one week of collection. 
The occurrence of toxic reactions was rare. The results 
of these urinary assays are expressed as corticoid ex- 
cretion equivalent to the response obtained with a known 
amount of cortisone. 

Normal dogs’ urine consistently failed to show de- 
tectable amounts of biologically active adrenal hormones 
by this method. In order to obtain a positive urinary 
assay, it was found necessary either to stimulate adrenal 
activity with adrenocorticotrophic hormone (ACTH) or 
administer doses of 17-hydroxy, 11-dehydrocorticosterone 
(Compound E) or 17-hydroxycorticosterone (Compound 
F). 

In addition to the bioassay 17, 21-dihydroxy-20- 
ketosteroids were measured chemically on butanol ex- 
tracts of urine acidified with sulfuric acid to pH 1.0. The 
butanol extracts were washed with 0.1 N sodium hy- 
droxide, 0.01 N sulfuric acid and dried with anhydrous 
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TABLE I 
The effects of unilateral renal artery compression on the urinary excretion of creatinine and biologically active 


corticoids during the intravenous administration of ACTH 


; Urine 
Time volume 

in cc. per 
hours Kidney period 


conc. 
Period 


QO ACTH 40 mgs. 


Before clamping 


4-5 (60 min.) 1.95 
i, 


1.69 
Slight compression right renal artery 
54-64 (60 min.) R 
Further compression right renal artery 
Hl 7-8} (75 min.) R 


INTRAVENOUS COMPOUND F 


Lett Kidneyop = 


CORTICOID 


TOTAL EXCRETION 


_ 


CORTICOID CONCENTRATION 


CC /MIN 


CREATININE CLEARANCE -- 
o4 
x ar 


PERIODS 


7 


TIGHTENING 
OF CLAMP 


Fic. 1. THe Errects or Ricut Artery Com- 
PRESSION ON THE CREATININE CLEARANCE, URINARY 
CONCENTRATION, AND Urtnary Corticom Ex- 
CRETION DurING THE INTRAVENOUS ADMINISTRATION OF 
CompouNnp F 

Between periods V and VI the rate of infusion of 
Compound F was increased. Corticoid here refers to 
biologically active corticoid (see text). By total corticoid 
excretion is meant the total urinary excretion of bio- 
logically active corticoids per period. The periods were 
from 30 to 45 minutes duration. 


Creatinine 


mes./cc. 


Total 
corticoid Ratio 
excretion creatinine 
per excretion 
pertod R/ 


Total 
creatinine 
excretion 


Ratio 
corticoid 
excretion 
/L 


Corticoid 


1.\V. started and sustained throughout experiment 


0.61 


2.5 

50.5 
sodium sulfate. The Porter-Silber reaction was ap- 
plied directly to the butanol solution (6, 7). Solutions 
containing 5 and 10 micrograms per milliliter of 17- 
hydroxycorticosterone dissolved in butanol were used as 
standards. The chemical corticoids were not measured 
in the same experiments as the biologically active corti- 
coids. 


Methods of administration used were as follows: 


(a) After an initial priming dose intramuscularly of 
40 mgs. of ACTH, an intravenous infusion of 
500 cc. of 5 per cent dextrose in water containing 
40 mgs. o. ACTH was administered over an 
eight hour period. Urine collections were begun 
four hours after starting the intravenous infusion. 

(b) 150 to 250 mgs. of cortisone acetate were ad- 
ministered by means of a stomach tube and urine 
collections were begun 90 to 120 minutes later. 

(c) 50 mgs. of hydrocortisone (Compound F) 4 dis- 
solved in 250 cc. of 2 per cent ethanol and 5 per 
cent dextrose were given intravenously over a 
six hour period and urine collections were started 
immediately. 


RESULTS 


Protocols of two representative experiments are 
shown in Table I and Figure !. In the experi- 
ment recorded in Table I, positive urinary bio- 
assays were obtained by adrenal stimulation with 
a continuous intravenous infusion of ACTH. The 
effects of unilateral compression of the right renal 
artery on urine volumes, creatinine and corticoid 
excretions in three separate periods of 60 to 75 
minutes duration are shown. As the right renal 


4 This hormone was generously supplied by Merck Co., 
Rahway, New Jersey. 
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artery was progressively compressed, both creati- 
nine and corticoid excretions diminished. In this 
experiment, the fall in corticoid excretion is 
largely due to a decrease in concentration of 
corticoid rather than to a change in urine volume 
(urine volumes on right were 5.3, 5.5, 5.0 cc. with 
associated corticoid excretions of 21, 11, and 2.5 
gamma, respectively). Comparison of the ratios 
of creatinine excretion and of corticoid excretion 
by both kidneys revealed that corticoid excretion 
was more strikingly reduced by compression than 
was creatinine excretion. 

Figure | illustrates the effects of the continuous 
intravenous infusion of Compound F and varying 
degrees of right renal artery compression on the 
creatinine clearances, urinary biologically active 
corticoid concentrations, total biologically 
active corticoid excretions in six separate periods 
of 30 to 45 minutes duration. The interruptions 


between periods of urine collections were made 
in an attempt to flush out urine formed during 
preceding procedures from renal dead space. In 
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period Ill, before renal artery compression, 
urinary corticoid concentrations and excretions 
were equal at a time when the creatinine clear- 
ances were approximately the same. The drop 
in creatinine clearances due to partial compres- 
sion of the right renal artery was associated with 
decreased corticoid concentrations and total corti- 
coid excretion from the right as compared to the 
left kidney. In this experiment, decreased corti- 
coid excretion in the urine from the right kidney 
was related to both decreased urine volume and 
decreased corticoid concentration. 

There is a time lag of one to two hours after 
beginning Compound F administration before 
hormone excretion became measurable. Change 
of hormone excretion with variation in creatinine 
clearance is prompt. The marked increase in 
corticoid excretion in the last period may be re- 
lated to an increase in the rate of infusion at this 
time. A slight increase in the control creatinine 
clearances was noted three and one-half hours 
after starting the Compound F infusion and one 


ACTH-Crronic reduction 

Ost V ACTH- Acute reduction 

CORTISONE AC~Acute reduction 

Q=ORAL CORTISONE AC -Surgical removal vs Chrome reduction 
Xs tv COMPOUND F -Acute reduction 


T T T 
20 40 


CORTICOID 


Fic. 


T 
60 80 


EXCRETION R/L(7/MIN)% CONTROL 


A SUMMARY OF THE RESULTS OF TWENTY-ONE SEPARATE CLEARANCE 


Pertops SHOWING THE RELATIONSHIP OF BIOLOGICALLY-ActTIVE Corticoip Ex- 


CRETION TO CREATININE CLEARANCE BY 


THE Richt KipNey as Per 


CENT OF THE CORRESPONDING EXCRETION BY THE CoNnTROL Lert KIDNEY 


Chronic reduction refers to the persistent reduction in creatinine clearance in 


one animal used. 


animal after extirpation of 40 per cent of the control kidney (see text). 


periods were 30 to 75 minutes each. 


Surgical removal vs. chronic reduction refers to use of this 
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hour after partial compression of the contralateral 
renal artery. 

Figure 2 is a summary of the results of twenty- 
one experimental periods, including forty-two 
urinary bio-assays. There is a positive correla- 
tion between creatinine clearance and biologically 
active corticoid excretion. In no instance did 
biologically active corticoid excretion from the 
right kidney exceed that from the control kidney 
on the left. The three points on the extreme left 
representing a zero corticoid excretion may simply 
be a reflection of the lower limit of sensitivity of 
the bio-assay method, and therefore cannot be 
further interpreted. However, a line which best 
fits the observed data would intersect the ordinate 
significantly above zero. This suggests that at 
very low rates of glomerular filtration the urinary 
excretion of biologically active adrenal corticoids 
decreases sharply. 

Figure 3 summarizes the results of 20 additional 
experimental periods in which the chemical corti- 
coid excretions were measured. A linear relation- 


Creotinine Cleoronce (cc./min)R/L Control 


20 40 60 80 100 120 
Chemicoi Corticoid Excretion (mgs./min.) R/L % Control 


Fic. 3. A SumMMARY oF THE RESULTS OF TWENTY 
SEPARATE CLEARANCE PERIODS SHOWING THE RELATION- 
suip oF CuemicaL Corticom Excretion TO CREATININE 
CLEARANCE BY THE RicuTt Kipney Piortep as Per Cent 
OF THE CORRESPONDING EXCRETION BY THE ContTROL LEFT 
KIDNEY 


Cortisone acetate was administered by stomach tube 
to obtain the observed levels of hormone excretion in all 
these periods. The periods were 20 to 60 minutes each. 
The line drawn arbitrarily through the points has a slope 
of 1.0. 
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ship between creatinine clearance and chemical 
corticoid excretion is apparent. A line which best 
fits the observed data would pass through zero. 


DISCUSSION 


By compressing one renal artery and comparing 
the excretion of hormone from that kidney with that 
of the opposite control kidney, it was possible to as- 
sess the relative effects of decreased filtration rate 
or blood flow on the excretion of biologically active 
corticoids without knowledge of the blood levels 
of these hormones. It has, however, been re- 
cently shown that following the administration of 
ACTH or cortisone intravenously or cortisone 
acetate orally, the blood level of 17-hydroxy- 
corticosteroids rises two to ten times above its 
original level (8, 9, 10) and with the known 
values for renal blood flow, the minute quantities 
of hormone excreted in these experiments must 
represent only a small fraction of the hormone 
perfusing kidneys. This is in agreement with the 
absence of a significant arterial-venous concen- 
tration difference of 17-hydroxycorticosteroids in 
the dog kidney noted by Nelson (9), and the low 
estimate of renal clearance of formaldehydogenic 
corticosteroids made by Corcoran and Page (11). 

From the manner in which these experiments 
were conducted, it is impossible to state whether 
the observed acute changes in hormone excretion 
were due to changes in filtration rate or to the 
simultaneous alterations occurring in renal blood 
flow, or tubular function. Goldman and Bassett 
(12) noted that the excretion of neutral lipid- 
soluble reducing steroids was proportional to the 
excretion of creatinine in their study of patients 
with cirrhosis and congestive heart failure and 
suggested that the excretion of corticosteroids may 
be proportional to the filtration rate. As no in- 
formation is available at present regarding the 
filtrability of adrenal corticoids through the 
glomerular membrane, it is not possible to decide 
whether the changes in hormone excretion were 
due to changes in the amount filtered, or in tubular 


reabsorption or tubular secretion or hormone. 
The disappearance of biologically active corti- 
coids from the urine at low levels of glomerular 
filtration rate in contrast to the continued excre- 
tion of chemical corticoids may simply be an 
artifact arising from the limit of sensitivity of the 
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bio-assay used. Another cause for this apparent 
difference may be that the high rates of chemical 
corticoid excretion in these experiments were 
masking an increment of tubular reabsorption of 
chemical corticoids. ‘fhe possibility exists, how- 
ever, that at a given filtration rate proportionately 
more of the filtered corticoids which are biologi- 
cally active are reabsorbed by the renal tubules 
than is the case with the majority of corticoids 
measured chemically. 


SUMMARY 


The effects of acute variations in glomerular 
filtration rate on the renal excretion of biologically 
active adrenal corticoids and chemical corticoids 
were evaluated in dogs. Acute alterations in renal 
hemodynamics were produced by unilateral com- 
pression of one renal artery during periods of 
adrenal stimulation or administration of adrenal 
corticoids. With reduction of glomerular filtra- 
tion rate there occurred a decrease in excretion 
of both biologically-active adrenal corticoids and 
chemical corticoids. 
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Research in the field of adrenal cortical func- 
tion has been limited by the inability of existing 
techniques to measure precisely the kind and 
amounts of steroids elaborated by the gland. Par- 
ticularly in man, the indicators have been indirect 
and inadequate. These have consisted principally 
of the alterations in certain non-steroid constitu- 
ents of the blood, changes in the total number of 
circulating lymphocytes and eosinophils, and vari- 
ations in end products of steroid metabolism found 
in the urine. 

Biological assays (1, 2) of the blood level of 
adrenal cortical hormones were developed with 
the hope that they would provide greater specific- 
ity, but have proved to be neither sufficiently 
sensitive nor precise. Chemical methods (3, 4, 
5) for the determination of blood steroids have 
been proposed. 

The first satisfactory direct quantitative meas- 
urement of 17-hydroxycorticosteroids in the blood 
of human subjects was reported by Nelson and 
Samuels (6). This would include such “17-OH” 
compounds as E, F,and S, when present. Actually, 
1 This investigation was supported in part by research 
grants A-29 from the National Institute of Arthritis and 
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from the American Cancer Society and in part by the 
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the major component in the peripheral blood of 
man appears to be 17-hydroxycorticosterone (com- 
pound F) (6,7, 8,9). Since this seems to be the 
principal 17-hydroxycorticosteroid secreted by the 
normal adrenal gland (9), the method offers an 
excellent direct measure of adrenal cortical activity. 

This report is concerned with the concentration 
of circulating 17-hydroxycorticosteroids in the 
peripheral venous blood of normal adults, the 
range of normal values, diurnal variations, and the 
degree of fluctuation in blood levels of cortical 
steroids for any one individual from day to day 
and week to week. 


MATERIALS AND METHODS 


The levels of 17-hydroxycorticosteroids in plasma were 
determined by the method of Nelson and Samuels (6). 
A few samples were run by both this method and that of 
Sweat and Farrell (10). Subjects were medical stu- 
dents, residents, graduate students and hospital personnel 
having no known diseases. The only exceptions to this 
were the aged patients, none of whom were acutely ill, 
although the majority suffered from the usual degenera- 
tive changes of old age. 

Blood samples were obtained by venipuncture and 
placed in tubes containing 4 mg. of heparin. These were 
then centrifuged, the plasma removed and the samples 
refrigerated. All specimens, save for the diurnal ones, 
were drawn between 8 and 8:30 A.M. on fasting subjects. 
In the case of diurnal studies, some subjects were studied 
while fasting; others were permitted to eat. These will 
be designated. 


RESULTS 


1. Comparison of analytical methods 


The results on duplicate samples analyzed by 
the technique of Nelson and Samuels, and that of 
Sweat and Farrell are given in Table I. It is 
evident that the two procedures measure the same 
compounds, since the values are almost identical. 
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TABLE I 


Comparison of analytic methods 


Sweat and Farrell 
echnique 
17-OH Certicosterone 
ue. /100 ml. plasma 
B 28 
13 
10 
20* 
ai" 
16 
bag 
30* 
25° 


Nelson and Samuels 
Technique 
17-OH Corticosteroids 


Subject ue./100 plasma 


* Levels after ACTH administration. 


2. Normal values—Y oung healthy adults 


Two hundred and sixty-seven determinations 
were made on 120 adults, 91 of whom were male 
and 29 female. The age range was 20 to 45. In 
Figure 1, the distribution of normal values is 
charted. Since the distribution of normal values 
was skewed, standard statistical techniques were 
not applicable. The curve was transformed into 
a normal distribution, therefore, by converting all 
values to the 2/3 power (X 2/3). The means, 
standard deviations, standard errors of the means 
and 95 per cent range were then calculated by 
routine methods. These values were then recon- 
verted to give actual concentrations. 

As indicated in Table IT, the mean of the group 
is 13 yg. per 100 ml. plasma with a standard 
deviation of +6 yg. Values ranged from less 
than 2 pg. to 34 pg. per 100 ml. plasma. Since 
each value represents a single measurement, and 
as no results were excluded, the data must  in- 
clude analytical errors, as well as human variation. 
In view of this, it is reasonable to accept the 95 
per cent range, 3-26 pg. per 100 ml. of plasma, as 
representing the normal distribution. It should 
be emphasized that these are fasting values and 
reflect steroid levels between 8 and 8:30 A.M. 


NORMAL VALUES 17-OW CORTICOSTEROIDS 
mi PLASMA 


N 
CN 


SAMPLE 


cal 


95 % Range 
= 3-26 wg/l00 ml 
of Plasma 


NUMBER 


L 
a 
5 
1 
2 


a 5.) 9.) 13,1 154 17, 1194) 234) | 
6! wl il 22! 2al26!28! 3052! 54 


Ficure 1 


The mean value for females was 15 + 6 pg. per 
100 ml. plasma compared to 12 + 6 pg. per 100 
ml, plasma for males. A sex difference, if any 
exists, must be small. 


3. Normal values—Aged population 


A group of 29 elderly patients, 27 males and 2 
females, whose average age was 78 years, was also 
studied. The mean steroid level for the group 
was 12 + 6 yg. per 100 ml. plasma (Table IT). 


4. Range of variation in the same individual 


Twenty-one subjects were studied repeatedly 
over a period of several months. 
were drawn at intervals varying from several 
days to several weeks. There was considerable 
variation in steroid levels from day to day and 
week to week in most individuals (Table ITT). 
Examples are: Subject L., 6 ng. to 18 pg.; Subject 


Blood samples 


TABLE Il 


Normal values—17-hydroxycorticosteroids ug. per 100 ml. plasma 


No. of 
subjects 


No. of 


Groups studies Age 


Mean and Mean and 
§.D. Range S.E. 


Young adults 
Males 
Females 

Aged 


2 to 34 ug. 
2 to 34 yg. 
2 to 31 yg. 
3 to 24 yg. 


819 
44 
32 
30 
28 
26 
8 
6 
2 
: 
120 267 20-45 13 + Gug. 13+ 0.4 
91 195 20-45 12 + Gug. 12404 
29 72 20-45 15 + Gug. 15 + 0.7 
29 29 64-95 12 + 6yg. 12 + 1.0 
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TABLE III 


Range of variation in same individual 


17-OH 
cortico- 
steroids 


17-OH 
cortico- 


Date steroids Date Date 


17-OH 
cortico- 
steroids 


17-OH 
cortico- 
steroids 


17-OH 
cortico- 


steroids Date 


Date 


Subject A* Subject F* 
18 yg. 
20 ug. 
20 ug. 
26 ug. 
25 ug. 
13 yg. 
8 ug. 
19 yg. 
Subject B* 
2/21 19 yg. 
2/28 31 ug. 
3/6 14 yg. 
3/20 14 yg. 2/27 
2/28 


Subject C 3/3 
3/7 


2/13 
2/18 
2/20 
2/25 


Subject G 


Sub ject J 


Subject K 


Subject Q 
1/14 
3/19 
4/12 
§/20 
§/27 
6/2 


2/15 
3/20 


9 ug. 
19 yg. 
4/11 10 yg. 
4/22 18 yg. 
S/1 16 yg. 


Subject N 
2 wg. 
8 yg. 
12 ug. 
11 yg. 
13 pg. 
8 yg. 
8 ug. 
11 
13 yg. 


27 
17 yg. 
21 yg. 
14 yg. 

7 ug. 
13 yg. 


Subject R 


14 yg. 10/30 
34 yg. 
18 yg. 
27 wg. 
23 ug. 
20 yg. 
12 yg. 
23 ug. 

Subject O 


3/7 Subject L 


3/13 29 ug. 

Subject D* 
17 wg. 
26 yg. 
23 
13 ug. 
16 yg. 


Subject I* 6/6 
19 yg. 
28 ug. 
15 yg. 
22 ug. 
12 yg. 


12 ug. 1/12 


Subject M 


11/1 10 ug. 


Subject T 


6/25 10 ug. 


9 ug. 
17 yg. 


Subject U 
11/20 9 ug. 
11/26 26 ug. 
11/29 8 ug. 


ug. 
17 ug. 12/3 8 ug. 


* Female; all other subjects male. 


K., 12 pg. to 34 pg.; Subject H., 6 yg. to 26 pg., 
and Subject N., 3 pg. to 21 pg. per 100 ml. plasma. 


5. Diurnal variations 


These data are listed in Table ITV. Observa- 
tions on the fasting and non-fasting subjects were 
pooled since the mean values on those who ate 
breakfasts and those who did not were almost 
identical. 

Although there were a number of individual 
exceptions, in general the tendency was for the 
highest levels to occur in the early morning. Be- 
tween 8 A.M. and 12 noon the level tends to 
drop. As the day advances, steroid levels fluctu- 
ate considerably, but continue to remain on this 
lower plateau (Figure 2). 


DISCUSSION 


In the normal, healthy, fasting adult, the mean 
plasma level of 17-hydroxycorticosteroids was 
13 + 6 pg. per 100 ml. between 8 and 8:30 A.M. 
Values for males and females were not signifi- 
cantly different. Since almost identical values 
were found in the 26 elderly subjects whose aver- 
age age was 78, it seems likely that adults main- 
tain virtually the same range of peripheral blood 
adrenal steroid levels over the span of their ma- 
ture years. 

For any one individual, values were found scat- 
tered throughout the normal range when studies 
at 8 A.M. were repeated at daily, weekly, or 
monthly intervals. This range is much wider 
than that of most chemical constituents of the 


4 
g. 
12/ 
1 
11 yg. 
6 ug. 
5 ug. 
18 yg. 
16 ug. 
14 yg. 
10 ug. 
| 2/2 + 24 us 18 ug. 
subj * 2/20 9 ug. 2/1 16 yg. ubjec 
2/29 15 ug. 3/1 5 ug. 7/12 11 yg. 
: 2/20 6 yg. 2/25 10 ug. 3/24 11 yg. 8/1 12 yg. 
2/27 13 wg. 2/29 13. wg. 4/12 19 yg. 8/15 Bag. 
3/12 3/3 18 ug. 4/26 3 ug. 8/20. Bug. 
3/710 ug. 7/9 12 wg. 
HE. 3/12 8 ug. 8/12 ug. 
4/17 16 pg. 9/11 12 yg. 
6/19 8 yg. 3/1710 20 wg. 4/5 15 yg. 
“ Subject E* 7/1 14 ug. 3/19 a 5/12 2 ug. 
2/18 19 ng. 3/21 Subject P 
3/4 ng. 1/14 19 yg. 
2/1110 ug. 
26 4) 8 ug. 5/1717 ug. 
4/14 13 yg. 5/ 2 11 ng. 
7/1 18 yg. 5/ 
7/9 19 yg. 
| 
| 
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DIURNAL VARIATIONS IN 17 HYOROXYCORTICOSTEROICS 
MQ/100 mi PLASMA 


VARIATIONS FROM 
6 AM LEVELS 


17-OH CORTICOSTEROIDS 


mi PLASMA 


TABLE IV 


Data-diurnal variations in 17-hydroxycorticosteroids 


1 12 
Subjects .M. Midnight 


— 
an 


_ 
WR 


2 
7 
1 
5 
8 
3 
0 
14 
4 
6 
9 
3 
0 
5 
6 


* Fasting—no breakfast. 
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6 4pm 
PM 
-8 3 ¢ ee 
e ee i 
ee 
-16 
3 
-2 
. 
<.005 P<o1 <.005 P<05 
Ficure 2 
No. 1 16 11 16 ; 
No. 2 16 13 16 - 
No. 3 14 6 4 4 
No. 4 12 10 
No. 5 19 13 23 
No. 6 9 4 2 8 
No. 7 23 12 6 3 5 : 
No. 8 12 12 2 a 
No. 9 8 4 
No. 10 7 2 10 8 a 
No. 11 15 15 ee 
No. 12 10 11 
No. 13 15 16 
No. 14 9 
No. 15 8 
No. 16 11 
No. 17 11 6 = 
No. 18 13 11 
No. 19* 27 14 9 8 : 
No. 20* 20 22 14 6 
No. 21* 26 25 20 23 
No. 22* 14 12 20 18 
No. 23* 25 21 17 17 3 
No. 24* 30 21 8 : 
P . No. 25* 26 17 11 8 
No. 26* 23 22 12 22 
No. 27* 29 20 18 15 
No. 28* 31 20 10 6 
No. 29* 13 6 6 12 
a No. 30* 11 12 
No. 31* 8 6 : 
No. 32* 9 7 3 
No. 33* 8 7 ‘ 
No. 34* 17 10 i 
No. 35* 11 14 2 
No. 36* 27 10 : 
No. 37* 16 12 ie 
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circulating fluids under normal conditions, and 
argues against a simple homeostatic concept. It 
must be recognized, however, that the extraction 
procedures may remove steroid which is loosely 
bound as well as that which is free. Until this 
problem is answered, it is impossible to draw con- 
clusions regarding the constancy of the free 17- 
hydroxycorticosteroid levels. 

While the spread in normal individuals may be 
wide, disturbances of the adrenal cortex which 
can be diagnosed clinically usually give values 
outside this range. In most Addisonians there 
is no circulating 17-hydroxycorticosteroids in the 
peripheral blood ; although a few who presumably 
have remnants of intact tissue show low levels 
(11). Patients with Cushing’s disease have 
pathologically elevated titres (9, 11). 

Diurnal studies demonstrated certain trends, 
although there were many individual exceptions. 
The most constant finding was the presence of 
maximal 17-hydroxycorticosteroid levels in the 
early morning. Only rarely were later samples 
higher, and then only by small amounts. Whether 
this high level early in the morning represents 
an accumulation of steroids during sleep, a greater 
need and increased steroid production in the early 
morning hours, or an increase in steroid produc- 
tion with a decrease in peripheral utilization it is 
difficult to say. In any event, most of our subjects 
demonstrated a decline in 17-hydroxycorticoster- 
oid levels during the day. 
remained low. 


Late evening levels 
This is consistent with the data 
of Pincus, Hoagland, Romanoff, and Carlo (12, 
13), who found comparable changes in the diurnal 
excretion of 17-ketosteroids and neutral reducing 
lipids in the urine, as well as those of Sandberg 
and his co-workers (14), who observed the same 
pattern in the urinary 17-hydroxycorticosteroids 
following glucuronidase hydrolysis. Both groups 
recorded the highest urinary levels in the morn- 
ing. 
SUMMARY 


1. Plasma levels of 17-hydroxycorticosteroids 
were determined in normal adult subjects by the 
method of Nelson and Samuels. 

2. The mean 17-hydroxycorticosteroid level in 
young adults was 13 + 6 pg.; 15 +6 yg. for fe- 
males and 13 + 6 wg. for males. The 95 per cent 
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range for the group was 3-26 pg. per 100 ml. of 
plasma. 

3. In a group of elderly subjects whose mean 
age was 78 years, the average level was 12 + 
6 pg. 

4. Diurnal studies revealed high 17-hydroxy- 
corticosteroid levels in the early morning. These 
tended to drop to a lower plateau over the course 
of the day and evening, although considerable 
individual variation was evident. 

5. The wide range of normal 17-hydroxycorti- 
costeroid values suggests an adrenal cortical 
homeostatic balance in man which is less sensitive 
than that for most chemical constituents in the 
body fluids. 
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Robinson (1) studied the effect of age on the 
arterial blood gases and the acid-base balance of 
normal males from 5 to 91 years of age. In ad- 
dition to the well known increase in oxygen com- 
bining capacity which occurs during childhood and 
adolescence, Robinson found moderately lower 
mean values for hemoglobin saturation in adults 
above 40 years of age, and slightly higher mean 
values for arterial CO, content and CO, tension 
in adults as compared with children. In the case 
of the alkaline reserve, mean values varied be- 
tween 21.2 and 22.2 millimols per liter for all age 
groups except the youngest. Robinson found un- 
usually low values of alkaline reserve in children 
4 to 6 years of age. The present study was under- 
taken to supplement the work of Robinson in the 


years of childhood and adolescence, in order to 
establish more firmly the range of variation that 
may be expected in healthy children, and to pro- 
vide a basis for the study of arterial blood gases 
and acid base balance in disease. 


MATERIAL 


The subjects of the study were drawn from three 
sources : 

1. Children of 10 years and younger were of both 
sexes. They had been carefully selected from patients 
at Bobs Roberts Memorial Hospital as representing 
physiologically normal states at the time the blood 
samples were drawn. Breakfast was withheld and the 
child was kept in bed until after the sample was taken. 

2. Subjects between 11 and 17 years of age were 
normal healthy boys * who came to the laboratory to par- 
ticipate in various tests for physical fitness. The results 
of most of these tests have been described earlier (2-5). 


1 This work was conducted under a grant from the 
Douglas Smith Foundation at the University of Chicago. 

2 Present Address: Bobs Roberts Memorial Hospital, 
920 East 59th St., Chicago 37, III. 

8 We are indebted to the University of Chicago Settle- 
ment House, the Valentine Boys Club, the Hyde Park 
Neighborhood House and friends for their kindness and 
interest in sending these boys to the laboratory for the 
tests. 


The boys came to the laboratory in the early morning, 
without breakfast, and had been resting in the recumbent 
position for approximately two hours before the arterial 
blood sample was drawn. 

3. Nine male medical students were also included in the 
study. Blood samples were drawn approximately two 
hours after breakfast and after rest in the recumbent 
position for.15 to 30 minutes. 


METHODS 


Arterial samples were drawn from the brachial artery 
in the adults and older children and from the femoral 
artery in younger children. They were drawn without 
local anesthetic and usually with little discomfort to the 
subject; however, breathholding could not always be 
avoided, and in the younger children crying usually 
occurred, 

The samples were drawn into syringes whose dead 
space was filled with heavy mineral oil. The blood was 
transferred immediately, either under oil into centrifuge 
tubes containing 1 mg. heparin (Connaught Laboratories) 
dissolved in 0.02 ml. saline, thence, without contact with 
air, into sampling tubes containing mercury; or directly 
into sampling tubes containing 0.02 ml. of the heparin- 
saline solution above the mercury. The latter technique 
was used in the later studies which included most of the 
adults and children under 11 years of age. The samples 
were kept in ice water in a refrigerator until analysis was 
completed. 

The oxygen and carbon dioxide contents of the arterial 
blood samples were determined by the manometric method 
of Van Slyke and Neill (6), using 0.5 ml. samples. The 
determinations were performed in duplicate, or until 
good checks were obtained. The oxygen and carbon 
dioxide contents were also determined after the blood 
sample had been equilibrated for 20 minutes at 37° C. 
in tonometers of approximately 325 ml. capacity which 
contained carbon dioxide at an approximate tension of 
40 mm. Hg and oxygen at 185 mm. Hg. Oxyhemoglobin 
(HbO,) content and capacity were determined by sub- 
tracting the appropriate amount for physically dissolved 
oxygen from the oxygen content of the blood as drawn 
and of the blood after equilibration respectively. Percent- 
age oxygen saturation was calculated from HbO, content 
and HbO, capacity. No correction was made for the 
errors in oxygen capacity measurements which Roughton, 
Darling and Root (7) have shown may be introduced by 
the tonometer method. From the blood data and the gas 
contents of the tonometer, determined by Haldane analy- 
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sis, alkaline reserve (Ty) of blood and serum, CO, 
tension (pCO,), and serum bicarbonate concentration 
(BHCO,). were calculated by methods developed at the 
Harvard Fatigue Laboratory (8‘. The pH. was cal- 
culated using the Henderson-Hasselbalch equation. 

In 64 older children, 10 to 17 years of age, additional 
analyses were made in order to describe the acid-base 
or electrolyte balance of the plasma more completely. 
These included plasma protein, chloride, phosphorus, 
lactic acid and sodium. The methods used were: for 
protein, determination of total nitrogen by a modification 
of the micro Kjeldahl method described by Ma and 
Zuazaga (9) and calculation as protein by multiplying 
by the factor 6.25 (after correction for non-protein 
nitrogen) ; for chloride, the silver iodatethiosulfate titri- 
metric method of Sendroy (10), using 0.1 ml. samples; 
for phosphorus, an adaptation of the method of Fiske and 
Subbarrow (11) to 0.2 ml. samples, with the aid of the 
Evelyn colorimeter; for lactic acid, a modification by 
Edwards (12) of the method of Friedemann, Cotonio 
and Shaffer (13), using 0.5 ml. of whole blood; for 
sodium, a modification by Consotazio and Dill (14) of the 
method of Butler and Tuthill (15). The base equivalence 
of protein, or proteinate ion concentration, was calculated 
from the equation of Van Slyke, Hastings, Hiller and 
Sendroy (16), milliequivalents of base bound by protein = 
0.104 X grams protein X (pH.—5.08), and of phosphate, 
by assuming a valence of 1.8. 


RESULTS 


After plotting the individual results against age, 
as in Figure 1, the ages which showed a similar 
range of variation were grouped together and the 
mean and standard deviation of each group was 
determined. The significance of differences be- 
tween the means of successive groups was de- 
termined by Fisher’s test. The results are given 
in Table I. The ranges of normal variation, de- 
fined as + 2 standard deviations from the mean, 
are shown graphically in Figure 1. Several age 
groupings which did not prove to be significantly 
different from preceding or following groups were 
retained because the narrower ranges of variation 
secured for some groups by this means appeared 
to define better the range of normal variation. 

The results indicate that HbO, capacity varies 
little with age between 3 and 14 years. Above 
14 years the HbO, capacity level rises; the mean 
value of 19.7 vol. per cent for boys of 15 to 17 
years is, however, significantly below the mean 
of 21.2 vol. per cent which was found for the 
adult group of this study. 

The arterial blood of younger children appears 
to be slightly less saturated with oxygen than that 
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of older children and adults. A mean percentage 
saturation of 94.2 per cent for children of 2 to 4 
years is significantly lower than that ot 95.8 per 
cent for children of 7 to 17 years (t = 3.5); the 
mean of 95.3 per cent for children of 5 and 6 years 
lies between those of the younger and older groups. 
The lower mean value for the youngest group is 
due chiefly to values of approximately 92 per cent 
in three children of 3 and 4 years, and to the fact 
that the younger children did not show saturation 
levels above 97 per cent, such as were observed 
frequently in the older children. Values for boys 
of 14, 15 and 16 years varied more widely than 
those for younger children and adults. 

In the case of arterial blood CO, content 
(CO,)» and serum bicarbonate (BHCO,), dif- 
ferences between age groups above 6 years did not 
prove to be significant, but the groupings were re- 
tained in order to represent adequately the trend 
toward higher values which begins after 10 years. 
Analysis of data for the children between 10 and 
17 years gave correlation coefficients of 0.306 for 
(CO,), with age, and 0.398 for (BHCO,), with 
age. These values are significant at better than 
the 1 per cent level. 

Values of alkaline reserve of the blood (T,))» 
show no definite trend with age between 7 and 17 
years, but a mean of 46.4 vol. per cent for this 
age group is significantly lower than that for the 
adults of this study, 47.9 vol. per cent. With the 
exception of three values which are low, children 
of 4 to 6 years gave values of (T,,),) which ap- 
proximate those of older children, but children of 
2 and 3 years had much lower values as a rule. 
With the exception of one high value of 49.2 vol. 
per cent, (T,.)» ranged between 34.9 and 43.3 
vol. per cent in these young children. 

The same trends with age that characterize 
(T,,)» values apply in general to corresponding 
(T,))s values. However, in the case of (T,,), 
a trend toward higher values occurred at 14 years. 
A difference of 1.1 vol. per cent between the means 
of the 7 to 13 year and the 14 to 17. year groups 
is probably significant. This trend appears to 


have been masked in the case of (T,,),) by the 
higher red cell volume of the older group, for the 
CO, concentration in the cells is lower than that in 
the serum. 

The pCO, of arterial blood shows wide varia- 
tion in our data, 


A mean pCO, of 41.3 mm. Hg 
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Data for each child are plotted according to the age of the child. 


value for age groups which show similar trends. 


by * 2 standard deviations from the mean of each group. 


The solid horizontal lines represent the mcan 


The broken lines inclose the range of normal variation as defined 
Data for 9 young male adults are included for comparison. 


Blood CO, Tw, or alkaline reserve, is defined as the CO, content of fully oxygenated blood which has been equilibrated 


at 37° C. 


with excess Oz and with CO, at a tension of 40 mm. Hg. Plasma CO, T, was calculated from blood CO, 


Tw, using a line chart (8) which takes Os capacity into acount. 


for children of 13 to 17 years is very close to that 
of the adults, 41.1 mm. Hg. It is significantly 
higher than the mean values for younger children, 
37.3 mm. Hg for children 1 to 6 years old and 38.0 
mm. Hg for those of 7 to 12 years old. 

With few exceptions the arterial pll, values 
found in this study fall within the limits generally 
accepted as normal, 7.35 to 7.45. The 2 to 3 year 
group, with a mean pH, of 7.35 and with three 


values below 7.32, constitutes a notable exception. 
In the other age groups variations in distribution 
occur, with the 4 to 5 year and the 13 to 17 
year groups tending to show lower pH, values 
than both the children of 7 to 12 years and the 
adults. The mean pH, of 7.38 for boys of 13 to 
17 years is significantly lower than the mean of 
7.40 for the children of 6 to 12 years and the 
adults. It is puzzling to note that Robinson (1) 
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found a higher pH, value for adolescents than for 
other age groups of his study. 

The acid-base balances for the various age 
groups of our study are represented graphically 
in Figure 2 in which (BHCO,),, pCO, and pH, 
are plotted simultaneously by means of triaxial 
coordinates, according to the method of Hastings 
and Steinhaus (17) and of Shock and Hastings 
(18). In such charts the range of normal varia- 
tion is customarily represented by a regular hexa- 
gon in the center. In the charts of Figure 2 the 
center represents the mean for 21 normal adults. 
This number includes the 9 adults of our study 
and 12 adult males studied by Dill, Edwards and 
Consolazio (19) by the same methods. The ir- 
regular hexagon around the center is bounded by 
lines which represent + 2 standard deviations 
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from the mean (BHCO,),, pCO, and pH, of the 
21 normal adults. Thus the results for each age 
group may be compared readily with the acid- 
base balance of the normal adult. 

In the youngest age group, 2 to 3 years, the dis- 
placement of the acid-base balance from the adult 
pattern is almost entirely in the direction of fixed 
acid excess or metabolic acidosis. In both the 
4 to 6 year group and the 7 to 11 year group 
there is still evidence of metabolic acidosis as 
judged by adult standards, but to a lesser degree 
than in the very young children. The acid-base 
pattern in these groups, however, tends to be 
shifted to the right in the direction of CO, deficit 
or respiratory alkalosis, the net effect producing 
a normal pH,, but often a slightly low (BHCQ,), 
and pCO,. As age increases beyond 11 years the 


1.5— 2.4 4 16.5 
2.5— 4.4 10 17.7 1.26 
4.5-14.4 59 18.4 1.29 
4.5-17.4 

A 1 


Blood CO: content 


vol. % vol. 
1.5- 3.4 10 40.1 5.58 
3.5- 6.4 16 44.4 2.74 2.6 
6.5-11.4 21 45.5 2.49 1.3 
11.5-14.4 26 46.8 2,51 1.8 
14.5-17.4 31 47.5 2.07 1.3 
Adults 9 48.5 2.41 1.2 


Blood Tet 
vol. % vol. % 
1.5— 3.4 10 41.2 4.33 
3.5- 6.4 16 45.2 2.14 3.2 
6.5-17.4 78 46.4 4.71 
Adults 9 47.7 1.29 72 


pCOr 
mm. Hg mm. He 
1.5~- 6.4 26 3.82 
6.5-12.4 29 38.0 2.62 0.8 
12.5-17.4 49 41.3 3.05 4.9 
Adults 9 41.1 3.34 


per cent per cent 
1.5- 4.4 14 94.2 1.56 . 
4.5~- 6.4 12 95.3 2.0 
6.5-17.4 78 95.8 1.51 1.0 


95.9 1.07 


(BHCOs,)s 


mEgq./L. mEq./L. 
1.5- 3.4 10 20.0 2.55 — 
3.5- 6.4 16 22:5 1.34 33 
6.5~-11.4 21 23.4 1.21 1.5 
11.5-13.4 17 23.7 1.54 1.4 
13.5--15.4 25 24.0 0.91 0.8 
15.5-17.4 15 24.6 1.16 1.9 
Its 292 0.96 1 


Plasma Tet 


vol. % vol. % 
1.5— 3.4 10 48.4 4.96 — 
3.5- 6.4 16 53.5 2.60 3.5 
6.5-13.4 38 54.7 2.52 1.6 
13.5-17.4 40 55.8 1.80 2.1 
Adul 58.2 3. 


pis 
1.5- 3.4 10 7.35 0.047 
3.5- 5.4 12 7.39 0.037 aa 
5§.5-12.4 33 7.40 0.025 14 
12.5-17.4 57 7.38 0.026 3.8 
Adults 9 7.40 0.020 


* The t score measures the significance of the difference between a given mean and the mean immediately preceding. 
t To, or alkaline reserve of the blood, is defined as the CO, content of oxygenated blood equilibrated at 37° at a 
CO; tension of 40 mm. Hg. To of the plasma was catculated from blood Tyo, using a line chart which takes into account 


and O; capacity (8). 
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The data are plotted on triaxial coordinates according to the method of Hastings and Steinhaus (17). In the adult 
group the values represented by open triangles were taken from a study of the arterial blood of 12 normal adults by 
Dill, Edwards and Consolazio (19). The hexagon in the center of each chart incloses the area of normal variation 
for adults as defined by * 2 standard deviations from the mean serum bicarbonate, pCO, and pH, for 21 normal male 
adults, 9 from the present study and 12 from the study of Dill, Edwards, and Consolazio (19). 


TABLE II 


Serum electrolyte concentrations in the arterial blood of normal boys 10 to 17 years of age* 


No. of HCOsv +Cl- 
Age cases Bicarbonate Chloride Proteinate +Prot.~ Phosphate Lactate Sodium 
yr. mEq./L. mEq./L. mEq./L. mEq./L. mEq./L. mEq./L. mEq./L. 
10-12 11 23.0 104.2 16.7 143.9 2.55 (10) 1.5 141.1 (8) 
(20.7-24.9) (99.4-107.6)  (14.6-19.4) (141.3-146.0) (2.25-3.05) (0.6-2.1) (136.4-143.8) 
13-14 20 23.7 104.3 16.7 144.7 2.61 (12) 1.6 140.3 (12) 
(21.6-26.0) (101.4-107.6) (14.9-18.3) (142.7-146.8) (2.10-3.05)  (0.9-2.8) (136.2-143.4) 
15-17 33 24.3 104.3 17.2 145.9 2.45 (29) 1.5 141.0 (24) 
(22.2-27.0)  (100.0-107.5) (15.4-19.0) (142.4-149.9) (1.91-3.07) (0.9-2.8) (136.6-145.5) 
Adultt 12 25.1 104.6 17.4 147.1 1.4 140.0 
(23.9-26.0) (103.7-105.7)  (15.9-18.3) (144.8-149.6) (1.2-1.9) (131.9-143.1) 


* The upper value in each case represents the mean, and quantities below in parentheses, the range of variation. 
In the case of phosphate and sodium, numbers in parentheses to the right of the mean indicate the number of cases 


included in the mean. 
t Data taken from a study by Dill, Edwards and Consolazio (19). 
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degree of metabolic acidosis decreases, and many 
of the cases in the 12 to 13 year and 14 to 15 year 
groups fall within the normal range of variation. 
Their values, however, tend to be shifted farther 
to the left, in the direction of CO, excess. At 16 
to 17 years the adult pattern of acid-base equilib- 
rium appears to be fairly well established, al- 
though a tendency toward CO, excess persists. 
The electrolyte balance of the serum for the 
arterial blood of boys 10 to 17 years of age, is 
given in Table II and is compared there with 
similar data obtained from the results of a study 
of 12 normal adult males by Dill, Edwards and 
Consolazio (19). The results indicate that there 
is a gradual rise in the serum bicarbonate concen- 
tration as the child passes through adolescence. 
This rise in bicarbonate is not compensated by a 
corresponding reduction in chloride, proteinate, 
phosphate or lactate ions, nor by an increase in 
the sodium ion. We have found no evidence in 
the literature to suggest a compensating increase 
in the other basic ions, potassium, calcium and 
magnesium, during the transition from childhood 
to adulthood. The compensation for the rise in 
serum bicarbonate which occurs as the age of the 
child increases would, therefore, seem to lie in a 
reduction in concentration of one or more as yet 
undetermined anions, probably organic in nature. 


DISCUSSION 


The present report is one of the few studies of 
hemoglobin levels in children in which hemoglobin 
concentration in the blood has been measured by 
determination of the oxygen capacity of the blood 
by the Van Slyke method. Previous studies in- 
clude those of Mugrage and Andresen (20, 21) 
for Denver children, which are believed to show 
higher values than those for the United States as 
a whole because of a compensatory reaction to 
high altitude, and that of Robinson (1) which 
includes data for about 25 children of the Boston 
area. Most other studies have used colori- 
metric or photometric methods which, for lack of 
a pure hemoglobin solution, usually have been 
calibrated against solutions whose hemoglobin con- 
centrations have been measured by oxygen ca- 
pacity or blood iron determinations. A mass 
study of the population in Hessen, Germany (22), 


employed the copper sulfate specific gravity 


-method which was standardized against Van 


Slyke oxygen capacity determinations. 

A summary of various hemoglobin studies that 
have been made in the United States, Canada, 
Great Britain, Germany and Australia (1, 20-37) 
is given in Figure 3. It is evident that there is 
little agreement concerning the normal hemo- 
globin level of a child of a given age and the 
changes with growth. In general it is recog- 
nized that after a low level, reached during the 
first half year or year of life, the hemoglobin level 
rises at rates depending upon the age of the child, 
and reaches the adult level at an age which as yet 
is not too clearly defined. It is now known that 
much of the confusion which exists is due both 
to technical errors and to the great complexity of 
factors which effect the hemoglobin level. This 
question has been well discussed in Chapter IT 
of the report of the British Committee on Hemo- 
globin Surveys (26). 

For children up to 12 years, and for the adult 
group, the hemoglobin levels of our study * ap- 
proximate the higher hemoglobin levels reported 
in the literature for the various ages. On the 
other hand, between 13 and 17 years our values 
are lower than most of those of other studies, 
especially at 14, 16 and 17 years. Variation in 
the resting period prior to drawing the blood 
sample in the three groups of subjects may in 
part explain this discrepancy. Most of the sub- 
jects from 11 to 17 years of age had remained in 
the recumbent position for two hours or more 
prior to the drawing of the arterial blood sample, 
for measurements of lung capacity and of blood 
and available fluid volumes, while the younger 
children and the young adults had been in the 
recumbent position fifteen to thirty minutes when 
the sample was drawn. In the case of the younger 
children, furthermore, a complete resting state 
could not be maintained in the period preceding 
and during the taking of the sample. The effect 
of rest and posture on the plasma volume is well 
known. Recently Widdowson and McCance (39) 
showed that after two hours rest in bed the mean 
hemoglobin concentration decreased from 14.1] 
to 13.4 gm. per 100 ml. of blood. 


4Hemoglobin concentrations, in grams per 100 ml. 
blood, were calculated by dividing HbO, capacity values 
in vol. % by 1.34, 
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1952- CHICAGO - Author's Study 
1950-BUNBURY, AUSTRALIA-~Fysh (13) 
1948-MICHIGAN~ Kaucher et ai (15) 


1950-HESSEN, GERMANY-DEPNER (17) 


gm. per 100 mi. 


1942- HONOLULU, HAWAII- Hamre and Au (19) 
1941 ~PENNSYLVANIA Mock eta! (20) 
1941 -NY, PRIVATE SCHOOLS — Wiehl (21) 


1950-SASKATOON, SASK. - Hawkins and Kline (12) 
1948 -SURVEY OF CANADA —- Pett and Ogilvie (14) 
1947 -HAMILTON, EAST YORK, ONT.- Hawkins etal (16) 


1943-SURVEY OF GREAT BRITAIN- Committee Report 


HEMOGLOBIN CONCENTRATION, 


1940-NEW YORK~- McNomoro and Senn (22) 
1938 -BOSTON- Robinson (1) 
1938 -DENVER — Mugrage and Andresen (33) 
1936-CINCINNATI~ Guest et al (25) a 
1935-PORTLAND, ORE.- Osgood (26) 
1934-MUNSTER, GERMANY- Wilke (27) 
1916 -CHIGAGO- Williamson (29) 


2 


AGE IN YEARS 


Fic. 3. 


RELATION oF AGE TO THE HEMOGLOBIN CONCENTRATION OF THE BLoop IN CHILDREN AND YOUNG MALE ADULTS 


—-A CoMPARISON OF THE AUTHOR'S RESULTS WITH THOSE OF OTHER STUDIES IN THE UNITED STATES, GREAT BRITAIN, 


Canapa, AUSTRALIA, AND GERMANY 


With three exceptions the values shown on the chart include data for children and young adults of the male sex. 
These exceptions are 1) the author’s study which includes data for children of both sexes under 11 years, 2) the 
study of McNamara and Senn (30) which gives data for infants and children of both sexes through 11 years, and 3) 
that of Guest, Brown and Wing (33) which gives data for both sexes from infancy through 5 years. 


Williamson’s original values are generally believed to be too high, due probably to the use of impure hemoglobin 


as the standard for a spectrophotometric method. 


Since oxygen capacity was determined by the 
gasometric method without correction for the 
errors which Roughton, Darling and Root (7) 
showed may be introduced by unequal drainage 
of cells and plasma from the walls of the tono- 
meter and by the presence of inactive hemoglobin, 
the mean value of 95.9 per cent for the arterial 
saturation of normal adults is approximately 2 
per cent lower than the recent results of Drabkin 
and Schmidt (40), Comroe and Walker (41), 
and Wood (42). Earlier determinations (1, 43- 
49) of oxygen saturation by the gasometric tono- 
meter technic gave mean values for adults which 
on the whole agree well with that of this study. 
Values found by Gibbs, Lennox, Nims and Gibbs 
(45) and by Cullen and Cook (46) tend to be 
lower. 


Following the example of Peters and Van Slyke (38), the original 
mean values have been reduced by multiplying each by 0.92. 


Our results for children tend to be higher than 
values reported by Preston and Ordway (50) who 
found a mean value of 93.9 per cent for 14 chil- 
dren 7 to 14 years of age by the Roughton- 
Scholander microgasometric method (51). They 
agree better with the mean value of 95.3 per cent 
which Brinkman and Jonxis (52) found for 20 
normal children by means of a_ photoelectric 
method. These authors found a trend toward 
slightly lower values, with a mean of 93.6 per 
cent, in infants between 2 and 7 months of age. 
Robinson (1) found that arterial saturation varied 
little with age between 10 and 40 years of age, al- 
though after 40 years it tended to decrease slightly. 
Our results agree with those of Robinson for 
children over 6 years and for young adults. Rob- 
inson did not include data for younger children. 
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We have noted a trend toward slightly lower 
values of arterial oxygen saturation in the very 
young child. Although this difference is small, 
consideration of its origin has theoretical interest. 
Factors which might cause a small difference in 
arterial saturation involve differences in alveolar 
oxygen pressure, alveolar-arterial pO, gradients, 
and the position or shape of the oxygen dissocia- 
tion curve. 

While the lower arterial saturation of the adult 
of advanced years may be attributed to an increase 
in the alveolar-arterial oxygen tension gradient 
with increasing age (1, 53), the assumption of a 
correspondingly high gradient in the young child 
does not seem probable. Causes for a high gradi- 
ent, such as venous admixture from anastomoses 
in the coronary or pulmonary circulation, areas in 
the lungs that are perfused but not well ventilated, 
or a high diffusion gradient for oxygen across the 
alveolar membrane, are unlikely to appear in the 
young child to a greater degree than in the older 
child or the adult. 

We have shown in an earlier report (54) that 
the position of the oxygen dissociation curve is 
displaced to the right in the child as compared to 
the adult. The average age of the children studied 
was under 6 years. If it could be shown that the 
dissociation curve lies farther to the right in the 
very young child and gradually moves to the left 
as the child grows, this would offer a simple ex- 
planation for the small difference in arterial satur- 
ation which was found. Proof for such a shift in 
the position of the dissociation curve would be 
difficult because of the small differences involved 
and the comparatively large individual variation. 
A study of a limited number of older children gave 
no evidence of a return to the adult position. 

Under basal conditions the rate of pulmonary 
ventilation in the young child is higher than it is 
in the older child. According to Robinson's in- 
vestigations (1) this is due both to a higher res- 
piratory rate and to a tidal air volume which is 
high in relation to body size and vital capacity. 
Using the Haldane end-expiratory method for 
collecting samples of alveolar air, Robinson found 
a mean alveolar pO, of 105 mm. in children 7 to 
12 years of age as compared with a mean value 
of 98 mm. in children of 13 to 15 years. Cor- 
responding values for younger children were not 
measured, but Robinson noted a higher ventilatory 
rate in the child of 5 and 6 years as compared with 


BLOOD GASES IN NORMAL CHILDREN 


831 


that of the 8 to 12 year old child. Presumably 
this would lead to a greater rate of alveolar ven- 
tilation, a higher alveolar pO,, with subsequently a 
slightly higher arterial oxygen saturation rather 
than the lower value found in the present study. 
It is quite possible that the apparent contradiction 
lies in the fact that the basal state did not truly 
exist because crying and a certain amount of 
struggling could not be avoided in younger chil- 
dren. 

The effects of crying cannot be predicted since 
crying involves varying degrees both of breath- 
holding and of hyperventilation. One tends to 
compensate the other. In the case of children of 
2 and 3 years the acid-base balance of the arterial 
blood in Figure 3 shows practically no evidence of 
CO, excess, characteristic of breathholding, nor 
of CO, deficit, characteristic of overventilation. 
Since crying did occur, it must be presumed that 
the effects of breathholding have balanced those 
of hyperventilation, at least so far as the CO, 
equilibrium is concerned. However, oxygen is 
known to diffuse through the alveolar membrane 
more slowly than CO,, hence it cannot be said 
with certainty that the breathholding phase of cry- 
ing has not lowered the arterial saturation by low- 
ering the alveolar oxygen tension. 

The effects upon the arterial saturation of the 
young child due to the physical effort of struggling 
should also be considered. Evidence in the litera- 
ture concerning the effect of exercise on arterial 
saturation is conflicting, but all authors agree that 
any effect in a normal, healthy adult will be small 
unless the exercise is severe and fatiguing. Him- 
wich and Barr (55) have shown that the arterial 
saturation of healthy adults rises slightly during 
moderate exercise but may decrease if the exer- 
cise is severe enough. Riley, Lilienthal, Proemmel, 
and Franke (56) found arterial saturations of 
91.7, 92.5, 95.2 and 93.2 during exercise on the 
treadmill or bicycle ergometer as compared with 
three values during rest of 95.2, 95.3 and 98.8. 
Later, Riley and his collaborators reported similar 
results with three more normal adults (57). Ex- 
periments of Montgomery and his associates (58), 
in which normal persons 9 to 60 years of age 
walked on a treadmill at 1.7 M.P.H., showed 
negligible changes in arterial saturation as meas- 
ured by the ear oximeter; values ranged from 
— 2.0 to 0 percentage points, with a mean value 
of 0.3 percentage points. Our own experience, 
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using the ear oximeter to determine arterial satur- 
ation in healthy children and adults during moder- 
ate exercise on the treadmill, leads us to the con- 
clusion that while arterial saturation may de- 
crease by one or two percentage points during the 
first minute or so of exercise it rises to the resting 
level or above this when adequate pulmonary and 
circulatory adaptations are made to meet the in- 
creased demand for oxygen. It is possible that 
these demands were not met at the time that the 
arterial sample was drawn in the young child. 

The triaxial charts of Figure 3 show clearly the 
acid-base relationships in arterial blood at the dif- 
ferent ages of childhood. The good agreement of 
our data for adults with those of Dill, Edwards 
and Consolazio (19), which were secured by the 
same methods, gives confidence that the findings 
for children are not due to technical errors but 
represent actual deviations from the adult state. 
The heavy lines of the chart follow those of 
Shock and Hastings (18). They represent the 
pathway of change from the normal, due to res- 
piratory factors which cause CO, excess or deficit, 
and to metabolic factors which result in acid or 
alkali excess or deficit. 

By reference to the guide lines it can be seen 
that the low arterial CO, content which was 
found in most of the children of 2 and 3 years is 
due to metabolic acidosis. In only two cases is 
there evidence of hyperventilation. Metabolic 
acidosis may be due to addition of fixed acid to 
the blood or loss of base from the blood. Ex- 
perimental data are lacking which could determine 
which factor is responsible for the acid-base pat- 
tern which was observed in the very young child. 
However, since Kelsey and Leinbach (59) have 
shown by the conductivity method of Sunderman 
(60) that mean total base concentrations are 
higher in children of 2 to 6 years than in older 
children, excess of acid in the blood appears to be 
the more probable factor, 

It is of interest to consider the possible com- 
position of the acids which may have replaced 
bicarbonate in the blood serum of the child of 
2to6 years. We can only conjecture, since anions 
other than bicarbonate were not determined in 
children of this age. 
would seem true that only chloride and organic 
acids could differ from the adult pattern in quanti- 
ties great enough to balance the decrease in bi- 
carbonate which was observed. 


Of the possible anions it 
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The arterial samples were drawn before the 
child had breakfast, approximately 16 hours after 
the meal of the preceding evening. Young chil- 
dren are known to be particularly sensitive to 
ketogenesis since acetone bodies appear in the 
urine and breath after comparatively short periods 
of fasting. It may be possible that the decreased 
bicarbonate concentration is caused by an increase 
in ketone acids in the blood. Gamble, Ross, and 
Tisdall (61) studied changes in acid-base equilib- 
rium during the prolonged periods of fasting which 
were used as a therapeutic measure in epileptic 
children and found a marked decrease in both 
bicarbonate and chloride ions after three or four 
days of fasting, due to the presence of ketone 
acids. In experiments of Shaw and Moriarty 
(62), which followed the changes in alkaline re- 
serve in epileptic children on consecutive days of 
fasting, the decrease in alkaline reserve did not 
appear until the second or third day of the fast, 
although breath acetone was stronger the first 
day than on those following. On the other hand, 
Wilson, Levine and Rivkin (63), noted a marked 
decrease in the CO, content of the blood of normal 
children 6 to 12 years of age after 24 to 30 hours 
of fasting. It has not yet been proven whether 
or not the tendency to ketosis is marked enough 
in children of 2 and 3 years to reduce the bicar- 
bonate concentration by an average of 3 mEq. per 
liter after a fast of no more than 17 hours. 

Our results agree with those of Robinson (1) 
in showing an increase in the alkaline reserve or 
T,, value of the blood with increasing age from 
early childhood to the adult state. Leenhardt and 
Chaptal (64) found a similar trend in a study in 
which the alkaline reserve of the plasma was de- 
termined from early infancy to 14 years. Robin- 
son suggested that the lower value in early child- 
hood may represent a compensation to loss of CO, 
by overventilation, since his study had shown that 
young children have very high rates of lung ven- 
tilation both in rest and during exercise. A re- 
duced alkaline reserve is known to occur in cases 
of chronic hyperventilation (65, 66) and is also 
found in the blood of residents at high altitudes 
(49, 67, 68). As has been shown, such an ex- 
planation is contradicted in the case of the very 
young children by the position of all but two of 
their values in the acid-base diagram. As the 
child grows, the acid-base pattern is shifted in the 
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direction of respiratory alkalosis to positions 
which represent the combined effect of mild hy- 
perventilation and acidosis. The net effect may 
be considered either a compensated metabolic 
acidosis or a compensated respiratory alkalosis, 
depending on which is the primary factor. It 
would seem reasonable to consider the change with 
growth as a gradual change in the metabolic 
processes in the sense that the production of 
organic acids is reduced and compensation is 
achieved by the high respiratory rate. A study 
of the complete electrolyte balance in this age 
range might test the accuracy of this assumption. 

If the rapid respiratory rate of the child under 
12 years is the primary factor in the production 
of a low alkaline reserve, analogy with a state of 
chronic hyperventilation caused either by disease 
or by residence at high altitudes suggests that 
compensation would be achieved chiefly by a rise 
in serum chloride concentration. Although data 
concerning the serum chloride concentrations of 
normal children of all ages are not abundant in 
the literature, available information gives no evi- 
dence that the chloride concentration of children 
of any age is different from that of the adult. 
A number of investigators (69-74) have shown 
that the chloride concentration of the blood serum 
of the newborn infant tends to be higher than 
that of the adult, and Marples and Lippard (70) 
found that a high serum chloride in the newborn 
balanced a low alkaline reserve, but Overman, 
Etteldorf, Bass, and Horn (73) observed that 
after the first day or two of life the plasma chloride 
concentration decreased and the mean level of 
104 mEq. per liter in infants of 11 to 26 months 
was identical with that found by Erickson, 
Williams, Hummel, and Macy (74) in children 
5 to 9 years of age. Robinson (1) found the 
plasma chloride concentration in arterial blood re- 
markably constant throughout the entire age range 
from 8 to 80 years, the average varying only from 
104.0 to 105.3 mEq. per liter in the various groups. 

It is evident that while available data agree 
that the alkaline reserve of the blood tends to be 
low in the very young child, and that the adult 
level is not reached until the age of twelve years 
or later, a satisfactory explanation of the electro- 
lyte balance must await further experimental 
work. 
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SUMMARY 


The blood gases, oxygen saturation and acid- 
base balance have been determined in arterial 
blood samples from 41 children of both sexes 2 
to 10 years of age, from 63 boys 11 to 17 years 
of age and from 9 young male adults. All were 
physically normal and in good health at the time 
the samples were taken. 

From the plotted data certain trends with age 
were observed; these were analyzed statistically. 
The results may be summarized as follows: 


1. Hemoglobin concentration of the blood, as 
measured by the oxygen capacity, increases with 
increasing age from a level of 12.3 G. per 100 ml. 
at 2 years to a level of 14.7 G. per 100 ml. at 15 
to 17 years. The mean value for young male 
adults was found to be 15.8 G. per 100 ml. 

2. A mean percentage arterial oxygen satura- 
tion of 94.2 per cent for children of 2 to 4 years 
is significantly lower than that of 95.8 per cent 
for children of 7 to 17 years and of 95.9 per cent 
for young adults, 

3. The CO, content of arterial blood is found 
to be relatively low in children of 2 and 3 years, 
with a mean level of 40.1 vol. per cent. In chil- 
dren above 3 years of age the mean level rises 
gradually from 44.4 vol. per cent at 4 to 6 years to 
48.5 vol. per cent in the adult. The alkaline re- 
serve of the blood and plasma shows a similar 
trend. 

4. Arterial CO, tension increases at 13 years 
from a previous level of 38 mm. Hg to the adult 
level of 41 mm. Hg. 

5. The mean pH, of arterial blood varies be- 
tween 7.38 and 7.40 for all age groups except the 
youngest. A mean pH, of 7.35 was found in 
children of 2 and 3 years. 

6. In children of 2 and 3 years displacement of 
the acid-base balance from the adult pattern is 
shown to be almost entirely in the direction of 
fixed acid excess or metabolic acidosis. Between 
4 and 11 years the acid-base balance appears to 
be the resultant of slight acid excess and CO, 
deficit. In boys of 12 years and over, evidence of 
acid excess almost disappears and the acid-base 
pattern is shifted rather toward slight CO, excess. 

7. A study of the electrolyte pattern of the 
serum in the arterial blood of boys 10 to 17 years 
of age has shown that, although the bicarbonate 
concentration rises slightly with increasing age, 
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this rise is not balanced by a compensatory reduc- 
tion in the concentration of chloride, proteinate, 
phosphate or lactate ions of the serum, nor by a 
corresponding rise in serum sodium. 
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CYANOTIC CONGENITAL HEART DISEASE * 
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The purpose of this report is to present data 
concerning the arterial blood gases and the acid- 
base balance in patients with cyanosis due to con- 
genital heart disease. Since the study is related 
to cyanosis and abnormalities of the blood con- 
sequent to this, no distinction is made between 
the various anatomical defects producing cyanosis. 

Compensatory or adaptive mechanisms in the 
presence of cyanosis related to congenital heart 
disease have been the subject of a number of 
studies (1-6). The present study was undertaken 
to obtain further information concerning the ar- 
terial blood gases in this disease, especially in re- 
lation to age and in respect to the influence of 
arterial unsaturation on the acid-base balance. 

Sixty cyanotic patients were studied, varying in 
age from 1 to 36 years. The methods used have 
been described in a preceding report (7). 


RESULTS 


Because age has been found to affect the concen- 
trations of the blood gases (7), especially the HbO: 
capacity, the CO. content and the alkaline reserve, 
it was necessary to evaluate the results for an indi- 
vidual of a given age in terms of deviations from the 
mean values for that age. Normal values for chil- 


dren of different ages are given in the preceding re- 
port (7). Table I gives the results of single tests on 
each of 60 patients with cyanotic congenital heart 


disease, in terms both of absolute values and of 
deviations from the normal. In Figures 1 and 2 
deviations from the normal are plotted for each 
age group against a background which represents 
the range of variation found in normal, healthy 
individuals of the same age group. Table II gives 
the results of repeated tests on seven individuals. 
It includes cases of pulmonary stenosis in which 
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920 East 59th Street, Chicago, III. 


pulmonary blood flow was increased by aortic- 
pulmonary artery anastomosis or pulmonary 
valvulotomy. 

Certain differences in distribution with respect 
to age are evident in the data of Table I and 
Figures 1 and 2. Arterial oxygen saturation be- 
low 50 per cent was found only in children of 7 
years and younger. The fact that all but one of 
the adults had arterial saturations above 79 per 
cent is misleading and an artifact of sampling. 
Of the adult group only one was believed to have 
pulmonary stenosis. It should be noted that in 
the reports of Talbott et al. (1), Bing, Vandam, 
and Gray (8), and Suarez, Chiodi, Fasciolo, and 
Taquini (3), of 33 patients with cyanotic con- 
genital heart disease who were over 18 years of 
age, 15 were found to have arterial saturations 
below 75 per cent. However, only one of these 
patients had a saturation below 60 per cent. The 
great majority of patients of our study who had 
HbO, capacities within the normal range were 
younger children. On the other hand, the ma- 
jority of very high HbO, capacities, over 32 vol. 
per cent, were found in older children and adults. 
One child of 6 years was found to have a HbO, 
capacity of 32.5 vol, per cent. 
alkaline reserve of the plasma there seems to be no 
special trend with age. 
found in children of 7 and & years. 


In regard to the 


The lowest values were 
It may be 
significant that in spite of the fairly high arterial 
oxygen saturations found in the adults of this 
study, all values for alkaline reserve were below 
the normal range of variation. In the case of the 
arterial pCO,, about a third of the children of 12 
years and younger had values above the normal 
mean, whereas in children above that age aid in 
adults all values but one lay below the normal 
mean. The great majority of the lower than 
normal pH, values were found in children between 
6 and 10 years. 

Since the data of Table I are arranged in the 
order of increasing arterial saturation, it can be 
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TABLE I 
Oxygen saturation, HbO; capacity, plasma COz T4,* pCOz and pH, of arterial blood of patients with 


MINERVA MORSE AND DONALD E. CASSELS 


cyanotic congenital heart disease 


> 


HbOs: capacity 


Arterial pHs 


wn OS 


KE. 


~ 


ZO 


os 


Dev Dev. 
Arterial Value Value from Value from 
saturation found found normal found normal 
percent wl. wil. % vl. % wil. mm. 
21.0 14.5 — 2.0 a —11.1 + 4.4 7.227 —.122 
21.4 28.6 +12.1 37.4 —11.0 + 2.9 7.266 — .083 
21.6 45 39.6 88 + 4.8 257 — .092 
40.5 28.6 +10.2 35.7 —18.9 — 0.2 7.244 —.155 
40.6 $1.1 +12.7 34.6 — 20.9 — 2.1 7.244 —.155 
41.7 25.6 + 9.1 37.3 —11.1 — 2.3 7.279 —.070 
46.9 14.0 — 2.5 42.6 — 5.8 —11.8 7.423 +.074 
49.8 30.9 +13.2 41.5 —12.0 + 2.0 7.297 — .093 
52.0 33.8 +15.4 43.3 —12.2 — 0.5 7.308 — .073 
58.7 32.8 +14.4 33.6 —21.0 + 0.3 7.203 —.201 
59.1 35.1 +16.7 41.6 — 13.9 — 9.7 7.348 — .033 
61.8 26.6 + 8.2 45.3 — 9.3 — 0.1 7.334 —.065 
63.2 28.4 + 10.6 40.8 —12.7 — 44 7.322 —.077 
63.4 35.1 +14.6 45.6 —12.6 —10.9 7.399 —.003 
65.4 32.4 +14.0 41.2 — 14.3 — 8.5 7.328 —.053 
65.6 32:9 +14.1 42.4 —11.1 + 4.3 7.283 —.107 
65.7 25.0 + 6.6 50.6 — 4.0 + 1.5 7.369 — .034 
3 68.3 19.7 + 2.0 43.6 — 4.8 — 3.4 7.289 — .060 
4 68.6 29.9 +11.5 46.4 - 7.1 - 79 7.407 +.017 
5 70.4 27.8 + 9.4 49.4 — 4.1 34. ~— 2.8 7.392 +.002 
7 70.6 27.8 + 9.4 45.9 — 8.7 RE — 0.2 1.483 — .066 
7 71.2 26.4 + 6.7 49.5 — 6.3 ; —11.6 7.434 +.053 
0 72.1 27.3 + 8.9 49.0 — 5.6 33. — 4.6 7.398 — .006 
3 72.2 22.7 + 4.3 54.2 — 1.3 ‘ —13.8 7.502 +.121 
2 73.0 166 — 0.1 49.1 + 0.7 Kye — 49 7.407 +.058 
5 73.3 21.0 + 2.6 45.9 — 7.6 R - 7.9 7.401 +.011 
0 74.2 31.2 +12.8 46.2 — 84 38. + 0.4 7.333 —.071 
8 74.3 28.1 + 9.7 48.9 — 5.7 39. + 1.4 7,001 — .053 
2 74.9 19.1 + 2.6 43.6 — 4.8 34. — 2.6 7.330 —.019 
5 75.4 4 i + 4.3 45.5 — 8.0 37. + 0.4 7.328 —.062 
4 76.8 24.6 + 6.9 42.5 —11.0 35.. — 2.1 7.313 —.077 
0 77.0 36.5 +18.1 43.8 —10.8 . — 10.3 7.391 +.013 
6 77.4 17.4 — 1.0 49.6 — 3.9 ; + 7.4 7.311 — .092 
4 79.0 22.7 + 2.2 55.5 — 2.9 28.5 — 12.6 7.496 +.094 
79.3 25.3 + 69 46.1 — 9.4 34.4 — 3.6 7.355 — .049 
79.4 29.1 + 8.6 48.0 — 10.2 40.8 + 5.7 7.296 —.106 
79.7 25.7 + 5.2 52.2 — 6.0 34.3 — 6.8 7.408 +.006 
79.9 22.6 + 2.1 50.9 — 7.3 38.8 — 2.3 7.367 —.035 
80.0 18.2 + 0.5 41.1 —12.4 23.55 —13.8 7.412  +.022 
80.7 24.6 + 6.2 486 — 69 34.5 — 6.8 7.379 —.002 
80.8 23.9 + 5.5 43.7 —10.9 33.1 —- 49 7.340 —.001 
81.0 26.2 + 7.0 45.6 — 9.9 34.4 — 6.7 7.304 — .030 
82.4 35.7 +15.2 47.6 — 10.6 o7.2 — 3.9 7.302 —.029 
82.8 22.5 + 4.1 49.3 — 5.3 29.5 — 8.5 7.429 +.025 
83.6 23.8 + 5.4 49.2 — 43 34.7 — 2.6 7.377  —.022 
83.8 25.2 + 4.7 $1.5 — 6.7 33.7 — 7.4 7.407 +.005 
84.9 22.5 + 4.1 47.6 — 7.0 30.0 — 8.0 7.407 +.003 
85.9 21.6 + 3.2 50.9 — 3.7 35.9 — 2.1 7.387 —~.017 
87.1 20.0 + 1.6 46.6 — 8.1 42.2 + 4.2 7.298 —.105 
88.0 21.6 + 3.2 55.6 + 1.0 26.5 —11.5 7.519 +.116 
89.0 28.5 + 8.0 51.6 — 6.6 37.1 — 4.0 7.380 —.022 
89.8 17.2 — 1.2 52.7 — 2.8 34.0 — 4.0 7.421 +.022 
89.9 24.4 + 3.9 $4.3 — 3.9 37.9 — 3.2 7.399 —.003 
90.1 279 + 8.2 50.0 — 5.5 33.5 — 7.8 7.394 +.013 
90.5 18.4 0.0 48.7 — 5.9 40.2 + 2.2 7.330 —.074 
90.8 18.4 0.0 $2.3 — 2.4 45.7 + 7.7 7.323 —.080 
91.7 21.1 + 2.7 53.0 — 1.6 32.8 — 5§.2 7.428 +.025 
91.7 17.2 — 0.5 53.0 — 0.5 43.7 + 64 7.340 —.050 
91.9 18.6 + 0.2 47.1 — 64 39.7 + 2.4 7.317 — .073 
92.7 26.1 + 7.7 48.6 + 0.2 28.7 — 8.6 7.420 +.016 


* Plasma CO, Tyo, or alkaline reserve, is defined as the CO, content of plasma from fully oxygenated blood which 


has been equilibrated with CO, at a tension of 40 mm. Hg. 
t The moderately low HbO; capacity in this case is due to repeated phlebotomy. 
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ArTERIAL HbO, Content, HbO, Capacity, AND PERCENTAGE OXYGEN SATURATION OF THE 


oF PATIENTS WITH CyANoTIC CONGENITAL HEArT DISEASE, SHOWN AS DISTRIBUTIONS OF THE 


seen that rough relationships exist between the 
degree of arterial unsaturation and the extent of 
the deviations of the HbO, capacity, alkaline re- 
serve and arterial pH, from the normal mean. 
These relationships are more clearly apparent in 
Table III which gives mean values for the three 
groups into which the material was divided on 
the basis of arterial unsaturation. The more 
marked deviations from the normal tend to occur 
in patients with arterial saturations below 70 per 
cent. In each group there are marked exceptions. 

The acid-base balance of the arterial blood of 
patients with cyanotic congenital heart disease is 
shown in Figure 3, in which the individual data 
for (HCO,),, pCO, and pH, are plotted on 
triaxial charts according to the method of Hast- 
ings and Steinhaus (9) and of Shock and Hast- 
ings (10). The shaded area in each chart repre- 
sents the range of variation which we have found 
for normal healthy children of corresponding age 


DEVIATIONS FROM THE NORMAL MEAN FOR THE Various AGE Groups 


It is evident that in 
the great majority of cases the acid-base balance 
may be described as that due to fixed acid excess 
or to a combination of fixed acid excess and CO, 
deficit. 


groups and for adults (7). 


Data concerning serum chloride, protein and 
lactic acid were obtained for 15 of the patients 
with cyanotic congenital heart disease in the hopes 
of observing changes in the electrolyte balance of 
the serum which might compensate for the re- 
duced bicarbonate concentration. The data in- 
clude two independent determinations on three of 
the patients, in one case separated in time by 
three years. The results in Table IV show that 
in half of the cases the sum of the three ions which 
constitute the great part of the anion moiety of 
the serum electrolytes, bicarbonate, chloride, and 
proteinate, falls within the normal range of varia- 
tion, while in the other half the sum of the three 
major anions is below normal. 


The table shows 
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clearly that the difference in the sum of the three 
anions is due almost entirely to a difference in the 
mean chloride level. Thus, in approximately half 
of the cases a reduction in the bicarbonate level is 
almost balanced by a rise in the serum chloride 
level, but in the other half there is no apparent 
rise in chloride concentration. Those in the group 
without chloride compensation tend to have lower 
saturations and higher HbO, capacities, although 
the values of the two groups overlap. The mean 
pH, of the group without chloride compensation 
is 7.332 as compared with a mean value of 7.382 
for the other group, but the low mean pH, of the 
former group is due to lower than normal values 
in only half of the group. The blood lactate con- 
centration of the group without chloride compen- 
sation is not significantly higher than in the other 
group. 

In Figures 1 and 2 the last column of each 
group contains corresponding data for residents 
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at high altitude, taken from the reports of Dill et 
al. (11-13) and of Hurtado and Aste-Salazar 
(14). The triangles and squares of Figure 3 also 
show these data. They are given for the purpose 
of comparison since both residents at high altitude 
and patients with cyanotic congenital heart disease 
represent hypoxic states to which the individual 
has become acclimatized over a long period of 
time. Both groups show approximately the same 
degree ,of arterial unsaturation, although the 
spread of values in cyanotic congenital heart dis- 
ease is greater and much lower values are some- 
times found. Figure 2 shows that the alkaline 
reserve of the plasma tends to be lower in resi- 
dents at high altitude than in patients with cyanotic 
congenital heart disease. Table III includes 
data for residents at high altitude in terms of mean 
deviations from the normal. Of the three groups 
of patients with cyanotic congenital heart disease 
which are shown in this table, the second group, 
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TABLE II 


Results of repeated tests on the same individual 


Date Subject 


Arterial 
pHs 


Arterial 
pCOr 


Arterial ~=Plasma* 


2-25-42 
8-43 
12~ 3-46 
4-22-47 
Post-op., 
5-14-47 
3-10-49 


10-14-47 
Post-op., 
11-18-47 


J. Mu. 


10-17-47 


4-11-52 
Post-op., 
10-15-52 


6-12-44 
10-11-46 
10-17-46 
10-28-46 
12-12-46 

9- 9-47 
Post-op., 
10- 8-47 
12— 8-47 

8-49 


5- 5-47 
Post-op., 
5-23-47 
8-20-52 


1-10-49 
Post-op., 
2— 4-49 


12-11-47 
1-18-49 
4— 2-51 14 
Post-op., 


6-29-51 14 


NE 


Blalock anastomosis, 3-29-47 
Obliteration of anastomosis, 


Phlebotomy, 10-24-46 
Iron medication begun 10-30-46 


7.266 
7.232 
7.244 
7.186 


7.295 
7.422 


7.340 
7.369 


27.1 41.7 
31.4 40.0 
$1.1 34.6 
27.9 33.5 


47.0 
53.0 


Aortic-pulmonary artery 
anastomosis, 4-24-47 


23.9 
25.7 


18.7 54.6 


25.0 50.6 


7.434 
7.387 


7.373 
7.314 
7.333 
7.365 
1.309 
7.372 


7.422 
7.431 
7.438 


7.351 


26.4 49.5 


57.0 


47.1 
42.7 
46.2 
49.3 
42.8 
47.0 


52.4 
51.4 
53.4 


Pulmonary valvulotomy, 4-14-52 


19.7 


KD 
27.4 
29.4 
27.9 


24.0 
25.4 
26.0 


96.6 


68.8 
70.8 
74.2 
62.6 
66.1 


84.3 
83.8 
83.2 


Aortic-pulmonary artery 
anastomosis, 9-14-47 


74.3 


77.6 
74.1 


28.1 48.9 


52.3 
47.6 


Aortic-pulmonary artery 
anastomosis, 5-6-47 


7.426 
7.401 


24.2 


43.6 7.330 
47.5 


55.6 
54.9 


74.9 19.1 


Aortic-pulmonary artery 
anastomosis, 1-11-49 


7.403 
7.447 
7.519 
7.415 


7.375 


76.8 16.4 


84.0 
88.0 
$1.0 


22.0 
21.6 
25:1 


Pulmonary valvulotomy, 6-13-51 


95.1 20.9 


53.6 


* Plasma CO» Tyo, or alkaline reserve, is defined as the CO, content of plasma from oxygenated blood which has 
’ 


been equilibrated with CO: at a tension of 40 mm. Hg. 


with arterial saturations of 70 to 88 per cent, 
compares well in arterial saturation with residents 
at high altitude. It is evident that for comparable 
degrees of arterial unsaturation the blood of resi- 
dents at high altitudes has a slightly higher HbO, 
capacity, a much lower alkaline reserve and 
arterial pCO,, and a slightly lower pH,. The 
acid-base picture in Figure 3 is quite similar in 
both groups, 7.¢., a combination of fixed acid ex- 
cess and CO, deficit. 

The post-operative results in Table II give 
information as to the effects of increased pul- 
monary blood flow on the arterial blood gases and 
the acid-base balance. In four cases of Tetralogy 


of Fallot, two, J. Mu. and S. D., showed marked 
improvement in arterial saturation, but little 
change was observed in R. B. and R. J. Not 
shown in the table is the fact that Kk. J. showed 
marked clinical improvement and little evidence 
S. and 
J. Mr., who had diagnoses of pulmonary stenosis 


of cyanosis when seen four years later. L. 


and atrial septal defect, showed arterial satura- 
tions of 96.6 and 95.0 per cent respectively follow- 
ing valvulotomy. A reduction of HbO, capacity 
occurred in all cases. Those patients who had a 
marked rise in arterial saturation also showed a 
marked rise in the alkaline reserve of the plasma. 
In the cases of J. Mu. and S$. D. the alkaline re- 


‘ No. Age Notes saturation capacity Te 
Yr. Mo. vol. % ‘eek: He 
5 a 54.9 43.4 
ba ‘ 4 2 54.2 47.7 
40.6 35.9 
7 9 $3.1 40.8 ; 
722 
9 8 75:2 | | 34.7 
9 65.7 39.5 
22 16 1 29.7 
17 |_| 48.6 
27 S.D. 8 34.7 
10 36.3 
10 38.4 
10 39.0 
10 35.2 
11 oan 
435 
11 31.4 
12 32.4 
28 R. B. 8 39.4 
43.3 
13 | HEHE 
29 R: J. 2 
— | 
50 10 a a 
11 26.5 
1 37.1 ‘ 


TABLE III 


Relation of the degree of arterial unsaturation to the deviations from the normal of the I1bO2 capacity and the acid base balance 
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Mean deviations from the normal mean 


Arterial 
No. of HbO> capacity Plasma CO? Arterial Arterial pH, 
cases per cent vol. % vol. % mm. 
Patients with cyanotic congenital heart disease 
10 93-88 + 2.9 + 1.21} 3540.79 —1.4 + 1.81 —0.023 + 0.0136 
31 88-70 + 5.8 + 1.31 — 54+ 1.18 —4.6 + 1.29 —0.010 + 0.0104 
12 70-40 +12.9 +- 0.72 —13.8 + 1.72 —3.1 + 1.44 —0.083 + 0.0185 
Residents at high altitudes 
15 85-68 + 85+ 0.95 —13.2 + 0.73 —8.4 + 1.19 —0.043 + 0.0106 


(14). 


* Data for residents at high altitude are taken from the reports of Dill et al. (11-13) and of Hurtada and Aste-Salazar 


t Plasma CO, Ty, or alkaline reserve, is defined as the CO; content of plasma from fully oxygenated blood which 


has been equilibrated with CO, at a tension of 40 mm. Hg. 
gures following the + signs represent the standard error of the mean. 


t The 


serve of the plasma rose to levels within the nor- 
mal range in spite of the fact that their arterial 
blood still contained a considerable degree of 
venous admixture. Their pH, levels, which pre- 
viously had been consistently low, rose to normal 
levels after an aortic-pulmonary artery anastomo- 
sis had been made. In the case of J. R. the pre- 
operative values are comparable to the post- 
operative values in the other patients. A Blalock 
anastomosis had been performed some time before 
but cardiac decompensation followed. Subsequent 
surgical obliteration of the anastomosis reduced 
the arterial saturation, raised the HbO, capacity, 
and decreased the alkaline reserve of the plasma. 
It also reduced the arterial pCO, which presum- 
ably had been high because of pulmonary conges- 
tion. 


DISCUSSION 


The fact that the great majority of patients with 
cyanotic congenital heart disease have a normal or 
higher than normal arerial oxygen content is 
due to the fact that the great majority have a high 
HbO, capacity. The high arterial oxygen con- 
tent loses much of its value in the presence of re- 
duced arterial saturation since the arterial oxygen 
tension rather than its concentration determines 
the level of the mean capillary oxygen pressure 
and the resultant pressure gradient or diffusion 
pressure head between capillaries and_ tissues. 
Studies of cyanotic congenital heart disease by 
Bing et al. (2) and Ernsting and Shephard (6) 


have emphasized the great part played by the 
sigmoid shape of the oxygen dissociation curve in 
reducing the arterial-mean capillary oxygen ten- 
sion gradient, in contrast to the small effect of the 
greatly increased HbO, capacity. The latter ex- 
erts its effect on the mean capillary oxygen pres- 
sure by raising the venous level of saturation since, 
of two bloods equally saturated, the one with high 
HbO, capacity will remain more highly saturated 
after equal quantities of oxygen per unit of blood 
have been transferred to the tissues. 

It is of interest to find that 12 patients with 
cyanotic congenital heart disease, or 20 per cent 
of the number studied, did not have an elevated 
HbO, capacity. Half of these had mild cyanosis 
and arterial saturations between 87 and 92 per 
cent. The majority of the remainder were infants 
not over 2 years of age. The fact that blood 
counts in these infants showed elevated values, 
with red cell counts of 6.2 to 8.5 million per cu. 
mm., suggests that the low HbO, capacity is due 
to a nutritional deficiency. Administration of fer- 
rous sulfate to one infant raised his HbO, ca- 
pacity. Talbott and associates’ (1) summary of 
the literature shows several cases of congenital 
heart disease in which the blood HbO, capacity 
was not elevated. Burchell, Taylor, Knutson, and 
Wood (4) have also noted a case with 68 per 
cent saturation and with an HbO, capacity of 
only 15.2 vol. per cent. 

The arterial saturation found in patients with 
cyanotic congenital heart disease covers a wide 


of the blood of patients with cyanotic congenital heart disease—a comparison of these deviations from 
the normal with comparable values in native residents at hign altitude* mh © 
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range. Eight cases showed arterial saturations 
below 50 per cent. It is probably significant that 
saturations below 25 per cent were found only in 
infants and that no saturation below 50 per cent 
was observed in children over 7 years of age. A 
very low arterial saturation suggests a poor prog- 
nosis unless remedial operative procedures can 
be used. Operation was attempted in the case of 
two infants with arterial saturations below 25 per 
cent but death followed. The third infant with 
this low saturation survived only a few months 
after she was studied. Autopsy revealed trans- 
position of the great vessels. There is suggestive 
evidence that correction of the iron deficiency 
present in cyanotic infants with low HbO, ca- 
pacity improves their status. 

We believe that many of the saturation values 
found in arterial samples in children may rep- 
resent the lower limit of a variable quantity which 
is determined by factors which regulate both the 


(BHCOs)s 
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amount of right to left shunt and the venous oxy- 
gen level. Saturation levels determined by the 
ear oximeter are usually higher because they are 
measured under conditions that are less disturbing 
to the patient than are arterial punctures, 

The finding of a low alkaline reserve of the 
plasma in patients with cyanotic congenital heart 
disease has been reported previously by Talbott 
et al. (1) and by Suarez, Chiodi, Fasciolo, and 
Taquini (3). It has also been suggested by the 
low CO, contents of arterial blood found in Tal- 
bott’s summary of the literature (1), and in the 
serum of arterial blood as reported by Bing et al. 
(2). 

Talbott et al. (1) first described the analogy be- 
tween the tissue anoxia of patients with cyanotic 
congenital heart disease and that of persons living 
under the low oxygen pressure of high altitudes. 
He attributed the low alkaline reserve of the blood 
in these patients to the effects of chronic hyperven- 
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Fic. 3. ArtertaL (HCO,)., pCO, pH, or THE Bioop or Patients with Cyanotic CONGENITAL 
HEART Disease, PLOTTED ON TRIAXIAL CoorDINATES 


The shaded areas represent the range of normal variation for the various age groups as determined by 
+ 2 standard deviations from the mean value of each group. 
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tilation, but he also recognized that some other 
factors caused the acidosis which was observed in 
the patient he had studied so extensively and in 
several other cases reported in the literature. 
Bing et al. (2) found that the minute volume of 
respiration was increased above the normal in 29 
out of 30 cases of cyanotic congenital heart dis- 
ease, but the arterial pCO, and the alkaline re- 
serve were reduced proportionately and the ar- 
terial pH, remained within normal _ limits. 
Suarez, Chiodi, Fasciolo, and Taquini (3) found 
hyperventilation to be characteristic of the six pa- 
tients with this disease which they studied and 
arterial pH, in the normal range or slightly low. 
Bing et al. (2) emphasized the difference in 
conditions under which tissue anoxia is produced 
in patients with congenital heart disease and in 
residents at high altitudes. In the latter a low 
alveolar oxygen pressure produces the low arterial 
pO, and saturation. Hyperventilation is bene- 
ficial in that it raises the alveolar pO,. In patients 
with cyanotic congenital heart disease on the other 
hand low arterial pO, and saturation levels are 
caused by venous admixture through abnormal 
channels. Beneficial effects of hyperventilation 
are questionable in such patients since the blood 
that passes through the lungs is exposed to a high 
oxygen tension and is well oxygenated, while the 
blood shunted from the right to the left side of 
the heart does not pass through the lungs. 
Presumably hyperventilation rises in response to 
an anoxic stimulus both in patients with cyanotic 
congenital heart disease and in residents at high al- 
titude. Dill, Talbott and Consolazio (13) showed 
that an essential process in acclimatization to high 
altitude consists first of hyperventilation to increase 
alveolar oxygen pressure, followed later by a re- 


duction of the alkaline reserve of the plasma by 


kidney action to the point where the normal ratio 
between the pCO, and the serum bicarbonate is 
Both Dill, Talbott and Consolazio (13) 
and Hurtado and Aste-Salazar (14) found that 
the arterial blood serum of permanent residents 


reached. 


at high altitude is characterized by a lowering of 
the pCO, proportional to that of the alkaline re- 
serve, with a normal or slightly low pH,, in con- 
trast to the elevated pH, of the arterial blood of 


temporary residents at high altitude. Patients 
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with cyanotic congenital heart disease resemble 
residents at high altitude in that they are ac- 
climatized to their state of anoxia. Our results 
show that for a given degree of arterial unsatura- 
tion the blood of patients with cyanotic congenital 
heart disease shows less of a depression of alkaline 
reserve than that of residents at high altitude. 
Since for equal degrees of alveolar hyperventila- 
tion the arterial pCO, must remain higher in the 
blood of patients with cyanotic congenital heart 
disease because of the venous admixture it con- 
tains, there is need for less decrease in the alkaline 
reserve of the blood in these patients in order to 
maintain a normal arterial pH,. 

The case of cyanotic congenital heart disease 
studied by Talbott et al. (1) was unusual because 
of the low arterial pH, which was observed. The 
present report shows 32 per cent of pH, values 
below the lower limit of normal. The great ma- 
jority of pH, values below 7.30 were found in 
samples showing less than 60 per cent saturation 
and are therefore associated with large venous- 
arterial shunts. In such cases of severe hypoxia a 
low pH, offers compensation by raising arterial 
oxygen tension, hence mean capillary oxygen 
pressure, through the Bohr effect on the oxygen 
dissociation curve. 

The low pH, of the arterial blood and the lack 
of balance in the common electrolytes of the serum 
in cases of severe hypoxia led Talbott to suggest 
the presence of increased concentrations of organic 
acids in the blood. Since tissue metabolism ap- 
parently proceeds at relatively low levels of oxy- 
gen tension, it is conceivable that enzyme reactions 
involved in muscle metabolism operate at a more 
anaerobic level, with production of lactic acid in 
larger quantities than normal, Our results agree 
with those of Hallock (15), Bing et al. (2), and 
Havel and Watkins (5) in showing that in the 
resting state the lactic acid concentration in the 
blood of cyanotic patients with congenital heart 
disease is not significantly higher than in the 
normal person, and that the slightly elevated lactic 
acid levels that are occasionally found are not 
great enough to explain the deficiencies in the 
electrolyte balance. 

It is important to note also that although Bing 
et al. (2) found that the basal oxygen consump- 
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TABLE 


IV 


Serum electrolyte concentraiions in the arterial blood of patients with cyanotic congenital heart disease 


Oxygen 
satura- 
tion 
per cent vol. % 


HbOs 


Subject 


capacity 


(HCOd)s 
mEq./L. 


(CDs 
mEq./L 


+ 
teinate)s 


(Pro- 
teinate)s 


(Lactate), (Sodium), 
mEq./L. mEq./L. mEq./L. pu, 


Group I. 


W. B. 63.4 
{; as 83.6 
61.8 
72.1 

90.1 

81.0 

79.7 


16 
Adult 


Mean 76.0 


Group II. 


26.0 
31.4 
27.8 
28.6 
26.5 
31.1 
27.8 
22.9 
29.4 

Adult 35.7 


29.3 


Mean 


Normal values for (HCO;), + (Cl), + (Proteinate), 


18.8 
20.0 
19.8 
20.3 
20.2 
18.7 
21.2 


19.9 


110.0 
106.3 
105.6 
105.1 
106.3 
106.6 
108.2 


106.9 


145.4 
144.4 
145.0 
145.8 
144.5 
142.8 
145.0 


144.7 


7.414 
7.377 
7.234 
7.398 
7.394 
7.351 
7.408 


7.382 


16.6 
18.1 
19.6 
20.4 
18.0 
17.5 
15.6 


18.0 


— 
a 


Low values for (HCO;), + (Cl), + (Proteinate), 


17.6 
19.7 
20.7 
16.1 
16.9 
15.3 
19.8 
19.2 
18.1 
19.3 
20.2 


18.4 


99.8 
100.6 
103.2 
104.2 
103.2 
104.2 
101.7 
104.1 

98.3 
101.5 
103.3 


102.2 


7.432 
7.232 
7.392 
7.244 
7.300 
7.244 
7.333 
7.429 
7.325 
7.372 


7.332 


17.8 
15.0 
14.0 
18.0 
17.8 
16.6 
18.5 
19.5 
16.4 
16.3 


17.0 


co 


tion was usually below the normal mean in these 
patients, that finding has not been corroborated in 
our laboratory or by other investigators such as 
Burchell, Taylor, Knutson, and Wood (4), 
Suarez, Chiodi, Fasciolo, and Taquini (3) and 
Ernsting and Shephard (6). We must conclude 
that metabolic requirements for the resting state 
are met by adequate oxygen consumption in pa- 
tients with marked arterial unsaturation. At 
present it is not known whether this is made pos- 
sible by modifications in the complex of enzymatic 
processes involved in_ tissue 
whether the production of organic acids other than 
lactic acid are increased under these conditions. 
The problem requires further study. The pos- 
sibility of alterations in renal excretion also must 
be studied in this connection. 


SUMMARY 


The blood gases and acid-base balance of the 
blood were determined in arterial samples from 
60 patients with cyanotic congenital heart disease 
who varied in age from 1 to 36 years. The re- 
sults may be summarized as follows: 


metabolism and ° 


Arterial saturation varied from 21 to 93 per 
cent. Saturations below 50 per cent were found 
only in children under 8 years of age. 

In 80 per cent of the cases HbO, capacities were 
more than 2 vol. per cent higher than the normal 
mean for the appropriate age. Of those with 
normal or below normal HbO, capacities, half 
were cases with arterial saturation between 87 
and 92 per cent, and the majority of the remainder 
were infants in whom a nutritional iron deficiency 
was suspected. Very high HbO, capacities, over 
32 vol. per cent, were usually found only in older 
children and in adults. 

By means of high HbO, capacities the oxygen 
content of the arterial blood was maintained within 
the normal range in all but 15 per cent of the 
cases. 

The alkaline reserve of the plasma tended to be 
reduced, for approximately two-thirds of the ob- 
served values were below the lower limit of nor- 
mal, Arterial pCO, was below the normal range 
in only one-third of the cases. As a result, values 
for arterial pl], were below the lower limit of 
normal in approximately one-third of the cases. 

A rough relationship was found to exist be- 
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3 232 
6 23.8 
7 26.6 
10 27.3 
16 27.9 
26.2 
25.4 q 
135.2 
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137.9 
138.3 
137.9 
136.1 146.3 
140.0 
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139.8 


846 MINERVA MORSE AND DONALD E, CASSELS 


tween the degree of arterial unsaturation and the 
extent of the deviations of the HbO, capacity, 
alkaline reserve and arterial pH, from the normal 
mean, 

Deviations of the acid-base characteristics of the 
serum from the normal were found to be due in 
most cases either to fixed acid excess or to a com- 
bination of fixed acid excess and CO, deficit. 

Calculation of a partial electrolyte balance 
showed that in some cases the reduced bicarbon- 
ate concentration of the serum was balanced by a 
rise in serum chloride concentration. In other 
cases there was no evidence of replacement of 
serum bicarbonate by chloride, nor by increased 
lactate concentration. The question of a cor- 
responding reduction of total fixed base or an 
incresse in other organic acids has not been in- 
vestigated sufficiently. 

The determination of arterial blood gases in 
samples drawn post-operatively, after pulmonary 
blood flow had been increased by aortic-pulmonary 
artery anastomosis or pulmonary valvulotomy, 
showed a marked rise in the alkaline reserve and 
the arterial pH, of the blood, in addition to the 
well-known increase in arterial saturation and 


reduction of HbO, capacity. 
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A variety of lesions of the central nervous sys- 
tem may be associated with disturbances of renal 
function characterized by either the increased 
urinary loss of sodium and chloride (1-3) or the 
retention of salt (3-8). It has also been postu- 
lated that changes in the excretion-of salt, second- 
ary to alterations in the volume of blood or extra- 
cellular fluid, are mediated by a “volume receptor” 
located in the cranial cavity (9-12). The follow- 
ing experiments were therefore undertaken in 
order to investigate the influence of alterations in 
intracranial venous volume and pressure, and 
cerebrospinal fluid (CSF) volume and pressure 
on renal function. 


METHODS 


Female dogs were anesthetized with sodium pento- 
barbital (30 mg. per Kg.) except for two experiments 
in which chloralose (75 mg. per Kg.) was used. Urine 
was collected through an indwelling catheter. The bladder 
was washed out with distilled water after each collection 
and emptied completely by blowing out with air. Glomeru- 
lar filtration rate was measured by the clearance of 
exogenous creatinine (Ccr) (13) and renal plasma flow 
was estimated from the clearance of paraminohippurate 
(Cran) (14). Urine was analyzed for sodium with a 
flame photometer and for chloride titrimetrically (15). 
Cisternal, femoral arterial, and jugular venous pressures 
were measured with Statham strain gauges and recorded 
on a Brush oscillograph. Pressure in the jugular vein 
was obtained by passing a polyethylene catheter up to 
the level of the intracranial jugular bulb. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Four groups of experiments were performed. 
Saline, 0.85 per cent, was administered intra- 
venously at 4 or 5 cc. per min. by means of a 
constant infusion pump. After two hours, urinary 


1 Presented in part at the Fall Meetings of the American 
Physiological Society, New Orleans, La., Sept. 3-5, 1952. 

2 Present address: Neurological Institute, Presbyterian 
Hospital, New York 32, N. Y. 


flows of about 3 cc. per min. were established. 
Three ten minute “Control” periods were then ob- 
tained, followed by three ten minute “Experimen- 
tal” periods, and by three ten minute “Recovery” 
periods. Urine was discarded for five minutes 
immediately before and after the thirty minute 
“Experimental” period. 


(1) Control: Seven dogs were studied during 
nine ten minute clearance periods in order to 
ascertain the normal variations in urinary flow, 
clearances of creatinine and PAH, and excretion 
of sodium and chloride, which might occur during 
this period of time. 

(2) Neck compression: Eight dogs were sub- 
jected to acute compression of the neck with a 
blood pressure cuff at 60 mm. Hg during the thirty 
minute “Experimental” period. This procedure 
produced a threefold elevation in pressure in the 
jugular bulb and a secondary twofold rise in cere- 
brospinal fluid pressure, without altering arterial 
pressure. 

(3) Neck compression and cerebrospinal fluid 
drainage: Seven dogs were subjected to acute com- 
pression of the neck with a blood pressure cuff 
at 60 mm. Hg with simultaneous drainage of about 
15 cc. to 20 cc. of CSF to maintain the CSF pres- 
sure at minus 150 mm. water during the thirty 
minute “Experimental” period. This procedure 
was designed to produce an increase in both vol- 
ume and pressure of intracranial veins, while de- 
creasing the volume and pressure of cerebrospinal 
fluid. The pressure in the jugular bulb was 
tripled but arterial pressure was unaltered. 

(4) Intracisternal injection of saline: Twenty 
dogs were subjected to an increase in CSF pres- 
sure by the introduction of normal saline into the 
cisterna magna, at the rate of 0.5 cc. per min, 
during the thirty minute “Experimental” period, 
sufficient to maintain a CSF pressure of 500 mm. 
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TABLE I 
The means of the difference between each value for the control 


The mean value for each thirty minute period is stated. 


and experimental periods, and for the experimental and recov 
Fisher's t test for the significance of the mean of a unique sample (16). 


ery periods, were tested for significance using 
The value of P in each 


case is stated,and cannot be regarded as significant if greater than 0.05. 


Control 

(7 Exps.) (8 Exps.) 
Experi 
mental 


Con- 
trol 


Con 
trol 


Neck compression 


Re 


covery 


Neck compression 
+ CSF drainage 
(7 Exps.) 
Con- Experi Re- 
trol mental covery 


Cisternal injection 
(20 Exps.) 

Experi- 

mental 


Con- 
trol 


Re- 
covery 


Urine flow 
cc./min. 


u eg./min. 
p> 
Cran 
cc./min,. 
p> 
Cor 
cc./min. 
p> 


0.2 


water. Neither venous pressure in the jugular 
bulb nor arterial pressure was altered. 

Urinary flow, the excretion of sodium and 
chloride, and the clearances of creatinine and PAH 
were not significantly altered, when compared with 
the control studies, by any of the experimental 
procedures described above. The data are de- 
tailed in Table I. It should be noted that the 
Cran gradually fell during the entire period of 
infusion in all experiments. This change may be 
attributed to the influence of pentobarbital anes- 
thesia (17). 

In view of the known effects of pentobarbital 
anesthesia on renal function (17), two additional 
experiments were done using chloralose anes- 
thesia. In these, cisternal injection of saline was 
also without effect on the excretion of salt. 

To ascertain whether the saline load in these 
experiments might interfere with the urinary re- 
sponse to the experimental procedure, three ex- 
periments were performed on dogs who received 
no intravenous infusion. In two dogs, the excretion 
of sodium and chloride, during a one hour period 
during which the CSF pressure was maintained at 
500 mm. water by cisternal injection of saline, 
did not differ significantly from the salt excretion 
during the one hour control period or the one hour 
recovery period. In one dog similarly studied, 


but subjected to a one hour period of neck com- 
pression and CSF drainage, the excretion of 
sodium and chloride was not altered. Thus the 
pattern of salt excretion was not influenced by 
these procedures in the presence or absence of a 
saline load. 


DISCUSSION 


Acute alterations in the volume of plasma or 
extracellular fluid have been reported to induce 
alterations in the urinary excretion of sodium and 
chloride (18, 19). However, there is no evidence 
that the disturbances in electrolyte excretion as- 
sociated with lesions of the central nervous system 
are related to alterations in the intracranial volume 
of blood or extracellular fluid. Harrison and co- 
workers have reported that compression of the 
neck of the sitting man results in an increased 
urinary excretion of sodium and chloride (9, 10). 
This procedure had little or no effect in recumbent 
subjects. One explanation for this difference 
might relate to differences in the volume of the 
intracranial veins rather than to the pressure of 
this system. Since, in the sitting position, the 
intracranial CSF pressure is lower than it is in the 
recumbent posture, jugular compression in the 
sitting position might be expected to produce 
greater distention of intracranial veins than if the 


= 
34 43 39 32 34 36 39 41 39 4.0 
: p> 0.1 0.9 0.4 0.3 0.5 0.3 0.3 0.7 
UV Na 
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subject were supine. There are no methods for 
directly measuring the volume of CSF or the in- 
tracranial venous volume. However, these two 
volumes vary inversely if the total volume of the 
cranial cavity is kept essentially constant (20). 
Thus cerebrospinal fluid drainage was used in the 
experiments of Group 3 to induce distention of 
the intracranial veins. The absence of any change 
in salt excretion despite compression of the neck 
(Group 2) and reduction of the CSF pressure to 
minus 150 mm. water (Group 3), suggests that an 
acute increase in intracranial venous volume is 
without effect on renal function. In the experi- 
ments of Group 4, a primary increase in the pres- 
sure and the volume of the CSF was produced, 
presumably associated with a decrease in the intra- 
cranial venous volume (20). Under these cir- 
cumstances no alteration in renal function was 
noted. In four of the twenty experiments per- 
formed, the excretion of sodium and chloride fell 
to 30 to 50 per cent of the control value when the 
CSF pressure was elevated, and immediately re- 
turned to the control rate of excretion when the 
pressure was reduced. This change was not 


statistically significant (p > 0.8). 


When the CSF pressure is elevated to the level 
of the arterial diastolic pressure, there follows a 
secondary rise in arterial pressure (21). This is 
associated with an acute reduction in urinary 
flow, a manifestation of extreme renal vasocon- 
striction secondary to presumed anoxic stimula- 
tion of the vasomotor center (22). In the pres- 
ent experiments, however, the CSF pressure was 
elevated to a level well below diastolic arterial 
blood pressure and alterations in systemic blood 
pressure or renal plasma flow did not occur. 

Thus, neither an increase nor a decrease in 
intracranial venous distention or cerebrospinal 
fluid pressure and volume could be demonstrated 
to affect renal hemodynamics, urinary flow, or ex- 
cretion of sodium and chloride. It is also of in- 
terest that an acute reduction of cerebral blood 
flow, produced by ligation of the carotid arteries 
bilaterally in the dog, is similarly without effect 
on the excretion of sodium and chloride (23). 

These experiments fail to support the hypoth- 
esis that there is an intracranial “volume re- 
ceptor” influencing the renal excretion of sodium 
and chloride in the anesthetized dog. 


CHANGE AND RENAL FUNCTION 


SUMMARY 


Alterations in intracranial venous pressure and 
venous volume, and the pressure and volume of 
cerebrospinal fluid, have been studied for their 
effect on renal function in the anesthetized dog. 
The excretion of sodium and chloride, urinary 
flow, and clearances of creatinine and paramino- 
hippurate are not significantly influenced by al- 
tering pressure-volume relationships of the cere- 
bral venous system and the cerebrospinal fluid. 
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SEGMENTS OF THE LIMBS*? 


By ROBERT S. DUFF 8 


(From the Sherrington School of Physiology, St. Thomas's Hospital, London, England, and 
the Cardiovascular Laboratory and Department of Internal Medicine, 
State University of Iowa, lowa City, Iowa) 
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Increased sensitivity to epinephrine of blood 
vessels deprived of their sympathetic nerve supply 
was first demonstrated in man by Freeman, 
Smithwick, and White (2). In patients with 
Raynaud’s disease they found that the fall in tem- 
perature in the fingers resulting from daily intra- 
venous epinephrine infusions became greater on 
the eighth to eighteenth day after the limbs had 
been sympathectomized. The increase in sensi- 
tivity was thought to be much greater following 
postganglionic denervation than after pregangli- 
onic decentralization (3). In monkeys, Ascroft 
(4) estimated that the postganglionic operation 
caused more than three times as much hypersensi- 
tivity as the preganglionic. By contrast Fatherree, 


Adson, and Allen (5) considered that both opera- 
tions caused about the same degree of hypersensi- 
tivity, which opinion is supported by Duff (6). 
All these studies were confined to the blood vessels 
of the skin. 


Concerning the effect of sympathectomy on the 
sensitivity of the blood vessels in skeletal muscle 
in man, information is incomplete. In a study 
of the circulatory differences between hands and 
forearms it was incidentally noted by Grant and 
Pearson (7) that the dilator response of the fore- 
arm to epinephrine was increased in one patient 
following sympathectomy. In patients with peri- 
pheral arterial disease sensitization of the muscle 
vessels of the lower limb has been reported to 
follow preganglionic section (8). 

In their investigation of the blood flow in human 
skeletal muscle Allen, Barcroft, and Edholm (9) 


1This study was aided in part by a grant from the 
Medical Research Council of Great Britain. 

2 Presented at the Twenty-Fifth Annual Meeting of the 
Central Society for Clinical Research, Chicago, Illinois, 
November 7, 1952 (1). 

83 Present address: Cardiovascular Laboratory, State 
University of Iowa Hospitals, Iowa City, Iowa. 


showed that, during intravenous epinephrine in- 
fusions, marked vasodilatation of the forearm oc- 
curred early, both in normal and in sympathec- 
tomized limbs. Pursuing this study of the effect 
of epinephrine on muscle blood flow, Duff and 
Swan (10) reported that during intravenous 
epinephrine infusions the initial marked dilatation 
was succeeded by a second phase of moderate dila- 
tation in normal but not in sympathectomized 
limbs. Because of its absence in chronically sym- 
pathectomized limbs this secondary vasodilatation 
was at that time thought to be an indirect vaso- 
motor effect mediated by the sympathetic nerves. 
Re-examination of their data in the light of some 
subsequent critical experiments now reveals that 
the difference which they found between normal 
and sympathectomized limbs may be ascribed 
largely to vascular hypersensitivity in the latter. 

In the present paper these additional data are 
reported, and are incorporated with those of Duff 
and Swan (10); the whole material being inter- 
preted to provide evidence that hypersensitivity of 
the vessels of skeletal muscle in the upper and 
lower limbs may result from pre- and postgan- 
glionic sympathectomy in man. 


SUBJECTS 


In 15 experiments the blood flow responses to epineph- 
rine in the forearm and calf were measured plethysmo- 
graphically in five healthy and three sympathectomized 
subjects additional to the 30 healthy and 13 sympathec- 
tomized cases studied by Duff and Swan (10). In the 
combined group of patients sympathectomy had been per- 
formed for Raynaud’s disease, hyperhidrosis or causalgia, 
and one subject had suffered traumatic sympathectomy of 
one upper limb. The ages of these subjects ranged from 
19 to 44 years and none had any evidence of impaired 
circulation through the muscle of the extremities studied. 
Tests had been performed to make certain that each 
sympathectomized limb had complete and effective inter- 
ruption of the appropriate sympathetic pathway. Failure 
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te exhibit vasodilatation or sweating following indirect 
heating sufficient to raise the body temperature by 1° C. 
was taken as good evidence of the absence of vasomotor 
nerves. 


METHODS 


The venous occlusion plethysmograp, which was em- 
ployed, is based on the principle that brief application of 
a pressure which occludes the veins but not the arteries 
of a limb causes congestive swelling of the tissues distally, 
swelling at a rate exactly equal to that of the arterial 
inflow (11). The limb to be tested was inserted into a 
sheath of thin rubber of appropriate size, to either end 
of which had been sealed stout rubber diaphragms with 
holes neatly to admit the limb. The limb was adjusted 
so that the most muscular segment of forearm or calf was 
enclosed in the rubber sheath. The latter was then placed 
inside a rigid plastic plethysmograph with the diaphragms 
in close apposition to its apertures, to the rims of which 
they were now sealed by screws and gaskets. A segment 
of forearm or of calf thus lay within the plethysmograph, 
enclosed in a watertight thin rubber sheath. Inflatable 
rubber cuffs were applied to the limbs proximal and distal 
to the plethysmograph, following the general technique of 
Barcroft and Edholm (12, 13). The plethysmographs 
were filled with water maintained at 34*+1° C. (14), 
care being taken to ensure thorough mixture of the water 
to obtain a uniform temperature. 

The circulation distal to the plethysmograph was ex- 
cluded, during periods of observation, by inflating the 
distal cuff at a pressure exceeding the arterial blood 
pressure. When the proximal cuff was inflated for five 
to ten seconds at a pressure of 30 to 60 mm. Hg, the 
consequent swelling of the tissue within the plethysmo- 
graph was transmitted to a volume recorder, which was 
inscribing on a revolving drum. Allowing, between meas- 
urements, an interval of at least twice the duration of the 
venous occlusion, it was possible to obtaim records each 
half minute. From these the forearm or calf blood flow 
rate was calculated and expressed as ml. blood flow per 
minute, per 100 ml. tissue volume as determined by water 
displacement. 

Throughout each experiment, saline was infused con- 
tinuously into the basilic vein by means of an electrically 
driven infusion apparatus delivering 4 ml. per minute at 
a constant rate. After a control period of 20 minutes the 
plain saline was replaced for exactly 10 minutes with 
saline containing the requisite amount of synthetic levo- 
epinephrine bitartrate (supplied by British Drug Houses, 
Ltd.) after which the plain saline infusion was resumed. 
Records of blood flow and of blood pressure were ob- 
tained regularly each half minute throughout both the 
saline and the epinephrine periods. For all the intravenous 
studies the amount of epinephrine delivered was 10 ag. per 
min. The characteristic symptoms and changes in res- 
piration, heart rate and blood pressure have already been 
described (10). 

In each test the magnitude of the response during cach 
phase was separately assessed. The initial vasodilatation, 
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measured by the highest single value recorded by the 
plethysmograph during the first phase, was related to the 
level of flow immediately before the start of the epineph- 
rine infusion. During the second phase the average 
flow during the last four minutes of the infusion was 
compared with the average during the last four minutes 
of the control (pre-epinephrine) period. Since a sub- 
stantial number of observations relating to this second 
phase have already been published (10) the further re- 
sults of the present study have not been tabulated, but the 
combined data have been subjected to statistical analysis 
and presented in Tables II and III. 


RESULTS 


1. Comparison of normally innervated and 
sympathectomized forearms. The typical findings 
in a patient with unilateral cervicodorsal sympa- 
thectomy, caused by traumatic avulsion of the 
brachial plexus, are illustrated in Figure 1. 

With the first infusion of epinephrine the initial 
rise in flow on the sympathectomized side reached 
15.4 ml. per 100 ml. per min., or 12.3 ml. above 
the control flow, as compared with a peak of 13.4 
ml., or 11.3 ml. above control, on the normal side. 
During the second phase the contrast was more 
marked, On the normal side the blood flow re- 
turned to a level about double the resting rate, 
but in the sympathectomized forearm the flow re- 
turned to, or slightly below, the control level. 

In addition to these differences the second 
epinephrine infusion revealed that the vasodilata- 
tion started some one-half minute earlier in the 
sympathectomized than in the normal forearm. 
This accelerated response was observed on several 


occasions in sympathectomized limbs. 
2. Comparison of normally innervated and sym- 


pathectomized calves. The blood flow in both 
calves of a young woman who had undergone 
unilateral lumbar preganglionic sympathectomy 
one month previously for causalgia of the right 
foot is charted in Figure 2. On the sympathec- 
tomized side the initial vasodilatation occurred 
one-half minute earlier and reached a peak of 
11.8 ml., or 9.3 ml. above control, as compared 
with a peak of only 6.8 ml. or 4.1 ml. above control 
in the normal limb. During the subsequent phase 
irregular vasodilatation was present in the normal 
but not in the sympathectomized calf. 

3. Responses of groups of limbs during initial 
phase. Observations from 29 individuals includ- 
ing 23 of the subjects originally studied by Duff 
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The greater initial vasodilatation and subsequent vasoconstriction on the sympathec- 
tomized side during intravenous infusions of epinephrine at 10 “g. per min. are shown, 


TABLE I 


Maximum rises in blood flow in normal and sympathectomized forearms and calves during first phase of 


Normal Sympathectomized 


Blood flow ml./100 ml./min. 


Rise above Rise above 
Control mG control Control control 
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Fic. 2. ArtertaL Bioop Pressure, Heart Rate, AND 
1n Botn Catves or A Patient WHOSE 
Ricut Lower Limp Was SyMPATHECTOMIZED ONE 
MontH PreviousLy 

With the intravenous infusion of epinephrine, the initial 
vasodilatation is seen to start earlier and reach a higher 
peak on the sympathectomized side. Some dilatation per- 
sists in the normal but not in the sympathectomized calf. 


and Swan (10) are presented in Table I. Of the 
sympathectomized forearms the maximum rise in 
flow exceeded 10 ml. in eight out of ten instances, 
compared with three out of ten of the normally in- 
nervated group. 

Likewise, with respect to the calves, the peak 
flow in five of the seven sympathectomized limbs 
was greater than 10 ml., while in only three of the 
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TABLE Ill 


Analyses of linear regression of forearm and calf blood flow during second phase of epinephrine infusions (B), 
on resting blood flow (A (Ay 


TABLE If 


Summary of second phase gen in normal and sympathec- 


tomized forearms and calves during intravenous 
infusions of 10ug. epinephrine per min.* 


Mean blood flow 
4. B B-A B-A 


No. Condition (ml./100 ml./min.) A % 
Forearms 
12 Normal 24 $A Me | 122% 
11 Sympathectomized 4.1 4.2 0.1 17% 
Calves 
15 Normal $5 Sa 22 73% 
7 Sympathectomized 35 30 -05 -—12% 


* A is mean during the four minutes prior to start of 
epinephrine; B is mean during last four minutes of epi- 
nephrine infusions. 


ten did flow rise above 10 ml. in the normally in- 
nervated group. 

It is thus apparent that the vasodilatation in 
forearm and calf at the beginning of intravenous 
epinephrine infusions was usually greater in the 
sympathectomized than in the normally innervated 
limbs. 

4. Analysis of group responses during the sec- 
ond phase. The present observations have been 
added to the larger series of Duff and Swan (10), 
and summarized in Table II. The mean control 
blood flow was greater in the sympathectomized 
than in the normally innervated group of fore- 
arms. The difference may be attributed to 
chance variations of small numbers of observa- 
tions, but its occurrence made desirable an analy- 
sis of the influence of the control rate of blood 
flow on the response to epinephrine (Table IIT). 


B estimated 
to equal: 


Estimated 


Significance of If A is 3.0 aa. 
wi A % 


coe.dacient B 


Forearms: 
Normal 2.8 + .967A 
Sympathectomized 2.6 + 


Calves: 
Normal 2.6 + 891A 
Sympathectomized 1.2 + .5 


7 90% 
3.8 27%, 


P <..05 Sig 5.3 171% 
P < .01 Sig 2.7 


* A is mean blood flow in ml./100 ml./min. during four minutes prior to start of epinephrine; B is mean blood flow 
in ml./100 ml./min. during last four minutes of epinephrine infusions. 


t This table shows the behavior of the various groups after adjustment for inequalities of resting blood flow. 
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EPINEPHRINE HYPERSENSITIVITY AFTER SYMPATHECTOMY 


When the blood flow means were adjusted by re- 
gression analysis for inequality of the resting 
values, the difference between normal and sym- 
pathectomized forearms during the latter part of 
the intravenous epinephrine infusions remained 
statistically significant. 

As previously shown (10), during this period 
(last four minutes of the epinephrine) sympathec- 
tomized limbs generally fail to exhibit normal 
vasodilatation. In the forearms a slight, but not 
significant, elevation of 17 per cent was present 
in the sympathectomized group (t=2.1, P= 
0.8), compared with 122 per cent in the normal 
group. However, in the sympathectomized calves 
not merely was the normal second phase of dilata- 
tion shown to be absent, but there was actually a 
small but significant reduction in mean flow (t = 
2.45, P < 0.05). 


DISCUSSION 
It has been established (9, 10, 15, 16) that the 


initial vasodilatation in muscular segments of the 
limbs during infusions of epinephrine results from 
the direct action of epinephrine on the muscle 
vessels. The present finding that the magnitude 
of this initial increase in flow is greater in sym- 


pathectomized than in normal limbs is therefore 
direct evidence that sympathectomy increases the 
sensitivity of muscle vessels to this action of 
epinephrine. 

The conclusion of Stein, Harpuder, and Byer 
(8) that hypersensitivity of the calf vessels occurs 
in limbs sympathectomized by preganglionic sec- 


tion is confirmed. A_ similar phenomenon is 
now shown to occur in sympathectomized fore- 
arms. 

Concerning the second (late) phase of the 
response of muscle vessels during intravenous 
epinephrine infusions, it had already been shown 
that the normal dilatation was reduced or absent 
in sympathectomized limbs (10). In several sym- 
pathectomized individuals the blood flow, espe- 
cially in the calf, was reduced below the control 
level, indicating actual vasoconstriction (Table 
II). 

Direct infusions into the brachial and femoral 
arteries of epinephrine in amounts calculated to 
be somewhat higher and lower than that distrib- 
uted through these vessels during intravenous in- 
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fusion of 10 yg. per min. produce vasodilatation in 
the forearm and calf only during the first phase 
(10, 15, 17). During the second phase the blood 
flow is either at or slightly below the control level. 
Increasing the epinephrine concentration in intra- 
arterial infusions tends to cause greater vasocon- 
striction during this second phase (10). 

The sustained moderate vasodilatation in nor- 
mally innervated forearms and calves during the 
latter part of the intravenous epinephrine in- 
fusions was therefore due to some non-local effect 
of the epinephrine (10). This could have been 
produced by the intravenous epinephrine in three 
ways: a) elevation of systemic arterial blood pres- 
sure; b) neurogenic sympathetic reflexes; and c) 
liberation into the circulation of a vasodilator sub- 
stance or substances. 

The pressor effect of intravenous epinephrine 
in the concentration of 10 ng. per min. was shown 
to be insufficient to account for more than a small 
proportion of the increased blood flow during this 
period (10). Whelan’s recent demonstration that 
the second phase of dilatation still occurred in 
forearms in which the vasomotor nerves were 
paralyzed by nerve block renders the neurogenic 
theory untenable (15). He has adduced evidence 
suggesting that some (as yet unidentified) hu- 
moral mechanism may be responsible for the 
phenomenon (15). If this be so then the inhibi- 
tion or reversal of the normal second phase dila- 
tation in the sympathectomized limbs can be satis- 
factorily explained only in terms of an increased 
sensitivity of the muscle vessels to the direct con- 
strictor action that is normally revealed only by di- 
rect intra-arterial infusions of relatively high con- 
centrations of epinephrine. Figures 1 and 2 indi- 
cate that in individuals with sympathectomized 
extremities the systemic dilator mechanism 
(whether humoral or otherwise) was in operation, 
for the normally innervated limbs obtained good 
second phase dilatation. 

In respect to the type of operation, all the 
calves were sympathectomized by preganglionic 
decentralization, while six of the 11 forearms were 
sympathectomized by postganglionic denervation. 
There seems little doubt therefore that pregan- 
glionic and postganglionic sympathectomies are 
both capable of causing hypersensitivity of muscle 
vessels. Because of the small number of cases, 
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valid comparison of the two types of operation was 
not possible. However, the results do suggest 
that the degree of sensitization of the mixed group 
of forearms was no greater (indeed perhaps less ) 
than that of the decentralized calves. Precise 
elucidation of this matter must await further com- 
parable studies of a larger number of cases. 

It has hitherto been assumed (18) that the con- 
sistently better clinical results with sympathec- 
tomy of lower than of upper limbs were largely 
due to the reduced liability to hypersensitivity 
following lumbar sympathectomy, because this 
operation produces decentralization rather than 
denervation of the vessels. There is little doubt 
that the treatment of vasospasm by surgical sym- 
pathectomy is more beneficial in the lower than 
in the upper limb, but in the opinion of many 
practising surgeons (19, 20) this advantage has 
not been overcome by adoption of preganglionic 
operations for the upper limb. 


SUMMARY 


1. The initial vasodilatation in the forearm and 
calf during intravenous infusions of 10 pg. epineph- 
rine per min. has been shown to be greater in 
sympathectomized than in normally innervated 
limbs. 

2. Reasons are given for attributing this in- 
crease to hypersensitivity of the vessels in muscu- 
lar segments of the sympathectomized limbs. 

3. The reduction or reversal of the normal 
second phase of vasodilatation in sympathecto- 
mized forearms and calves during intravenous 
epinephrine infusions has been interpreted as fur- 
ther evidence of vascular hypersensitivity in sym- 
pathectomized muscles. 

4. These phenomena have been shown to occur 
in limbs sympathectomized either by preganglionic 
section or by ganglionectomy. 
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The effect of the parenteral administration of 
magnesium sulfate on the renal hemodynamics of 
normal dogs (1) and normal children (2) has 
been previously reported. However, no data are 
available concerning the effects of magnesium 
sulfate on the excretion of other electrolytes, nor 
have studies on the renal clearance of magnesium 
been reported. It is the purpose of this report to 
present such data. 


METHODS 


Studies of renal function, electrolyte excretion, and 
the clearance of magnesium were performed on six young 
men without evidence of cardiovascular or renal disease. 
The experimental subjects received a normal hospital 
diet which contained between 7 and 15 grams of sodium 
chloride daily. The experiments were performed in the 
basal state after adequate hydration by the oral ingestion 
of one liter of water 60 to 90 minutes before the study. 
Renal plasma flow was determined by the clearance of 
para-aminohippurate according to the method of Goldring 
and Chasis (3) and utilizing a constant injection syringe 
as previously described (4). The glomerular filtration 
rate was determined by the clearance of inulin utilizing 
the resorcinol method of Roe, Epstein, and Goldstein (5). 
Following a 45 minute equilibration period, three control 
observations of 15 minutes each were performed. Ten 
cc. of 25 per cent magnesium sulfate were then added to 
the sustaining solution and administered by constant in- 
travenous injection. The magnesium sulfate was ad- 
ministered at the rate of 1.02 milli-equivalents of mag- 
nesium per minute. After a 45 minute period, the studies 
of renal function, electrolyte excretion, and magnesium 
clearance were repeated. 

Sodium and potassium were determined by an internal 
standard Perkin-Elmer flame photometer. Control studies 
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indicated that concentrations of magnesium exceeding 
those found in the urine in these experiments had no 
effect on the flame photometric determination of sodium 
or potassium. Chloride was determined by the method 
of Schales and Schales (6). Serum magnesium was de- 
termined by the molybdivanadate method of Simonsen, 
Westover, and Wertman (7). Urinary magnesium was 
determined by a similar method as modified by Stutzman 
(8). 
RESULTS 


The control values for renal hemodynamic, elec- 
trolyte excretion, and magnesium clearance studies 
are the averages of three consecutive periods. 
The values during the constant intravenous ad- 
ministration of magnesium sulfate are the averages 
of three consecutive periods beginning 45 minutes 
after the start of the infusion. 

There was a significant decrease in mean renal 
plasma flow (t = 3.45, p 0.02—0.01) and in 
glomerular filtration rate (t = 5.98, p < 0.01). 
Although the mean percentage change was slight, 
being 9.9 per cent for renal plasma flow and 8 per 
cent for glomerular filtration rate, both functions 
decreased in each patient. Since the statistical 
analysis was done by the method of paired controls 


t= — 


n 
same direction, these changes in renal plasma flow 
and glomerular filtration rate are statistically sig- 
nificant. However, the degree of change does not 
imply physiologic significance. The filtration 
fraction increased in three patients and decreased 
in three. The clearance data are recorded in 
Table I. 

The serum sodium, potassium, and chloride con- 
centrations were unchanged by the administration 
of magnesium sulfate. An increase in the urinary 
sodium and chloride excretion and a decrease in 
potassium excretion occurred in each patient and 


and since the changes were all in the 
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MAGNESIUM CLEARANCE AND ELECTROLYTE EXCRETION 


TABLE I 


Renal hemodynamic studies before and during magnesium sulfate infusion 


Renal plasma flow Glomerular filtration rate Filtration fraction 
e (cc. per min.) (cc. per min.) (per cent) 
During During During 
magnesium magnesium magnesium 
Control sulfate Control sulfate Control sulfate 


P.M 614 556 130 119 21.1 21.0 
H.C, 769 663 138 134 17.9 20.2 
L.S. 852 832 141 132 16.5 15.8 
R. S. 574 563 110 100 19.1 17.5 
D.D 723 14.6 


706.2 


Per cent change 


the mean changes were statistically significant ministration of magnesium sulfate. The data for 
(sodium, t = 3.64, p 0.02—0.01; chloride, t= urinary electrolyte excretion are noted in Table II. 
3.32, p 0.05—0.02 ; potassium, t = 4.78, p < 0.01). The mean control serum magnesium concen- 


TABLE II 


Urine electrolyte excretion before and during magnesium sulfate infusion 


Urine sodium excretion Urine chloride excretion Urine potassium excretion 
(micro-equivalents per min.) (micro-equivalents per min.) (micro-equivalents per min.) 


During During During 
magnesium magnesium magnesium 
sulfate Control sulfate Control sulfate 


77 


Control 


Per cent change 


Analysis of urinary electrolyte excretion in the tration was 1.64 mEq. per liter. The clearance of 
individual periods revealed that the changes began magnesium was calculated from the usual clear- 
in the first period of observation following the ad- ance formula. The mean control value for the 


TABLE UI 


Renal clearance of magnesium 


Serum magnesium 
. (mEq. per liter) 


Renal clearance of 


During magnesium magnesium Clearance magnesium ti 
administration (cc. per min.) Clearance inulin @° 
Period During During 
magnesium magnesium 
* Patient Control 4 5 6 Control administration Control administration 
J.G 1.69 2.18 2.45 2.60 6.36 18.2 .052 161 
P.M 1,52 218 222 240 6.75 26.0 .052 .218 
1.49 207 3.98 31.8 .029 .237 
173 2.24 2.34 2.49 4.65 32:5 .246 
1.68 5.79 24.2 053 .242 
D.D 1.73 2.42 2.58 2.68 4.69 23.2 .040 .254 
2 .226 


859 : 
| 
| 
Mean 
J.G. 302 431 332 415 110 
P; M: 242 380 160 288 80 51 
as GG, 197 423 177 362 110 66 : 
i. S. 211 235 175 213 118 51 : 
197 299 205 279 79 55 
DD. 192 230 202 210 147 62 
Mean 223.5 333 208.5 294.5 107.3 60.3 ; 
+48.9 +41.2 —43.8 
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clearance of magnesium was 5.37 cc. per minute. 
The ratio of the clearance of magnesium to that of 
inulin was 0.043 during the control period, yield- 
ing a mean value for magnesium tubular reab- 
sorption of 95.7 per cent. The serum magnesium 
concentration did not remain constant after the 
magnesium sulfate infusion was started. The 
mean values for the three post-magnesium periods 
were 2.21, 2.37, and 2.49 mEq. per liter. In view 
of these increasing serum concentrations, the 
clearance of magnesium during these periods could 
only be approximated. The mean approximate 
clearance for the last three periods was 26.3 cc. 
per minute. The mean ratio of magnesium to 
inulin clearance for these periods was 0.226 and 
mean tubular reabsorption of magnesium de- 
creased to 77.4 per cent. The average urinary 
excretion of magnesium was 8.5 micro-equivalents 
per minute during the control periods and 64.6 
micro-equivalents per minute during the infusion 
of magnesium sulfate. The data concerning mag- 
nesium are recorded in Table III. 


DISCUSSION 


The present concept of the action of magnesium 
sulfate upon the kidney is that the renal vascular 
bed participates in the generalized vasodilatation 
which follows the parenteral administration of 
magnesium (1, 2). Thus renal plasma flow and 
glomerular filtration rate may be maintained 
despite a drop in blood pressure, these results be- 
ing explained by renal afferent arteriolar dilata- 
tion. The validity of this concept is supported by 
the observation that magnesium sulfate produces 
renal hyperemia, without significant changes in 
the glomerular filtration rate, in the hypertensive 
phase of acute glomerulonephritis (9). 

It is to be noted that our experimental pro- 
cedure differed from those previously reported 
since our control studies and studies during the 
administration of magnesium sulfate were per- 
formed consecutively. The total duration of each 


experiment was three to three and one-half hours. 
Under these experimental conditions, the intra- 
venous administration of magnesium sulfate was 
associated with a slight but statistically significant 
decrease in renal plasma flow and glomerular fil- 
tration rate. No significant change in blood pres- 
sure was noted in any of the subjects. 
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The action of magnesium sulfate in causing an 
increase in the urinary excretion of sodium and 
chloride is of interest. Increased load is ob- 
viously not a factor since the serum concentration 
of these ions did not change and since there was 
actually a decrease in the glomerular filtration 
rate. Osmotic activity by the magnesium ion 
could not have played a role since the rate of urine 
excretion decreased in most of the experimental 
periods following the magnesium infusion. It is 
further to be noted that the excretion of potassium 
decreased at a time when sodium and chloride ex- 
cretion were increasing. The mechanism respon- 
sible for these changes is unknown. The data 
presented are compatible with the hypothesis that 
magnesium, a divalent ion, may enter into a uni- 
valent ion exchange mechanism resulting in a de- 
creased tubular reabsorption of sodium and in- 
creased reabsorption of potassium. However, the 
evidence is indirect, and it is possible that other 
mechanisms are involved. 

It has been suggested that magnesium is ex- 
creted by the renal tubules (10). However, there 
are no previous observations in the literature 
relative to the clearance of magnesium. While 
the clearance of magnesium increases rapidly with 
increased magnesium loading, the values for 
urinary excretion in these experiments are far 
below those required to implicate tubular excre- 
tory processes as a mechanism in the renal clear- 
ance of magnesium. For example, at a serum 
magnesium concentration of 2.49 mEq. per liter 
and a glomerular filtration rate of 116 cc. per 
minute, 289 micro-equivalents per minute would 
be excreted by filtration alone assuming no tubular 
reabsorption. At comparable values in our ex- 
periments, 64.6 micro-equivalents per minute were 
excreted. In order to test the hypothesis that 
tubular excretion of magnesium occurs, it would 
be necessary to increase the magnesium loading 
to levels that would probably be unsafe in human 
experiments. Since it has been demonstrated that 
magnesium is excreted by the aglomerular fish 
kidney (11), the possibility of the tubular excre- 
tion of magnesium by the human kidney must re- 
main an open question. Experimental observa- 
tions in patients with renal insufficiency and in 
animals, similar to those involving potassium ex- 
cretion, may provide the answer. 


@) 


MAGNESIUM CLEARANCE AND ELECTROLYTE EXCRETION 861 


SUMMARY AND CONCLUSIONS 


The constant, intravenous administration of 
magnesium sulfate to subjects without cardio- 
vascular or renal disease was associated with a 
slight but significant decrease in renal plasma flow 
and glomerular filtration rate. There was an 
increased urinary excretion of sodium and chlo- 
ride and a decreased excretion of potassium. The 
serum concentration of these electrolytes did not 
change. The mean renal clearance of magnesium 
in the basal state was 5.37 cc. per minute. This 
increased to 26.3 cc. per minute following the in- 
jection of magnesium. The data presented sug- 
gest that magnesium may be involved in an ion 
exchange mechanism. 
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In a recent publication (1) electrophoretic data 
were reported on two mucoproteins obtained by 
fractionation of human gastric juice according to 
the method of Glass and Boyd (2). One of the 
separated components, “glandular mucoprotein,” 
contains an acid mucopolysaccharide as a pros- 
thetic group, while the other separated mucopro- 
tein, termed ‘“‘mucoproteose,” contains a neutral 
polysaccharide as a prosthetic group. Both muco- 
proteins were found to be fairly homogeneous 
electrophoretically and both were negatively 
charged in the pH range studied (5.0 to 8.5) ; 
however, the “glandular mucoprotein” migrated 
with an exceptionally high mobility and the “mu- 
coproteose” with an exceptionally low mobility. 
The present study was undertaken to ascertain 
whether or not the electrophoretic data reported 
on these two chemically fractionated mucoproteins 
could be correlated with the electrophoretic pat- 
tern of whole human gastric juice. 


METHOD 


Fasting gastric juice was obtained by intubation of 
healthy volunteers and patients with peptic ulcer. The sub- 
jects were urged not to swallow saliva. Specimens discol- 
ored by bile were discarded. The gastric juice collected was 
then treated by one of the following methods: Method A: 
Freshly collected juice was filtered, neutralized to a pH 
of approximately 7 by adding dropwise, with twirling, 
1 W sodium hydroxide, dialyzed for 24 hours against 
cold (5° to 10° C.) running tap water, dialyzed for 24 
hours against cold (2° to 5° C.) distilled water, and then 
dried by lyophilization. Method bh: Immediately after 
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collection, the gastric juice was placed in a refrigerator 
maintained at 2° to 5° C. Ata later time, varying from 
a few hours to several days, the gastric juice was filtered, 
dialyzed against cold running tap water and distilled 
water, and lyophilized. 

The prepared material was then dissolved in buffer. 
Both phosphate and veronal buffers were used; an ionic 
strength oi 0.1 M was maintained in all experiments. In 
the initial experiments the concentrations of the protein 
solutions varied from 1 per cent to 2 per cent; in later 
experiments concentrations of 2.5 per cent to 5 per cent 
were used. At these higher concentrations the protein 
solutions were turbid but could be cleared by centrifuging 
for 15 minutes at 15,000 to 20,000 RPM. It is recognized 
that this maneuver may remove some of the less soluble 
components but loss of some material would not vitiate 
the inferences drawn from this study. All protein solu- 
tions were dialyzed against the buffer used through 
Visking tubing tied off at both ends; if this precaution 
was not taken the solutions within the tubing swelled and 
consequently became more dilute. Specimens of saliva 
were immediately filtered, dialyzed against cold running 
tap water and cold distilled water, and lyophilized. This 
material was then dialyzed against the buffer prior to 
electrophoresis. The majority of the electrophoresis ex- 
periments were carried out with an Aminco portable 
electrophoresis apparatus and a clinical cell. A few ad- 
ditional experiments were performed with the aid of an 
Aminco-Stern electrophoresis apparatus and an analytical 
cell, and with a Klett electrophoresis apparatus and an 
analytical cell. In keeping with custom, mobilities were 
calculated from the descending limb and expressed in 
units X 10° cm.’ sec.” volts. Relative concentration 
was grossly estimated on the basis of planimeter measure- 
ments of the peaks in the ascending limb. 


RESULTS 
I. Electrophoretic Patterns 


1. Electrophoretic patterns at varying values 
of pH. The results of a series of experiments on 
a single preparation, obtained by Method B, at 
four different pH levels and at a potential gradi- 
ent of from 5.1 to 5.5 volts per cm., are listed in 
Table I. These experiments were carried out 
with a Klett electrophoresis apparatus and an 
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analytical cell. Although the patterns were es- 
sentially the same at all pH levels, the best resolu- 
tion was achieved at the highest pH value (8.5). 
The electrophoretic pattern of the experiment per- 
formed with 0.1 ionic strength phosphate buffer 
and at a pH of 6.1 and a protein concentration of 
1.4 per cent is shown in Figure 1. To facilitate 
discussion the various peaks are arbitrarily identi- 
fied by symbols, corresponding to those used in 
Table I. 

An inspection of Table I reveals that the com- 
ponents migrate at a higher mobility in phosphate 
buffer of pH 6.9 than in veronal buffer of pH 8.5. 
This anomalous result was also observed by Pugh, 
Glass and Wolf (1) in their electrophoretic studies 
of the fractionated gastric mucoproteins. On the 
basis of the results listed in Table I, all ensuing 
electrophoresis experiments were carried out in 
0.1 ionic strength veronal buffer of pH 8.5 + 0.1. 
These conditions were deemed the best for analy- 
sis to achieve optimal resolution and greatest pro- 
tein concentration (the solubility was greater at a 
higher pH). 

2. Patterns in the gastric juice of healthy sub- 
jects. Six electrophoresis experiments on ma- 
terial obtained from the gastric juice of healthy 
subjects were carried out in veronal buffer at a 
hydrion concentration of 8.5 + 0.1 and an ionic 
strength of 0.1. The protein concentrations varied 
from 1.1 per cent to 5.0 per cent. The results are 
listed in Table II which indicates the range of 
mobilities and the concentrations roughly esti- 
mated from planimetric measurements of the 
peaks. 

3. Patterns in the gastric juice of patients with 
duodenal ulcer. Fourteen experiments were per- 
formed on material obtained from the gastric juice 
of patients with duodenal ulcer. These were run 
at the same pH and in the same range of protein 
concentration as the observations on healthy sub- 
jects. The results are listed in Table II where in 
comparison with the healthy subjects it is evident 
that the electrophoretic pattern is the same as 
regards mobility but among the ulcer patients the 
concentration of the G-1 component appears to be 
significantly greater and the concentration of the 
G-3 component significantly smaller than among 
the healthy subjects. 


4. Electrophoretic pattern of saliva. Because 
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Fic. 1. Tue Evectropnoretic PatrerNn oF GASTRIC 
Jutce From a Heattuy Susyject 1n 0.1 Ionic StreNcTH 
PuoseHate Burrer at PH 6.0 AND A PROTEIN CONCEN- 
TRATION OF 1.4 Per Cent 


it was virtuaily impossible to prevent some degree 
of salivary contamination during the collection of 
the gastric juice, it seemed important to determine 
the electrophoretic pattern of saliva. Figure 2 
presents the electrophoretic pattern of pooled hu- 
man saliva after migration for 12,720 seconds in 
0.1 M veronal buffer at pH 8.5 and in protein 
concentration of 3.0 per cent. The mobilities 
(calculated from the descending limb) of the S-1 
and S-2 components are — 4.2 X 10°§ and — 2.4 x 
10°° cm.? sec.*! volts’, respectively. These mo- 
bilities are of the same order of magnitude as the 
G-2 group of proteins. In addition, the resolu- 
tion of the S-2 component of this saliva prepara- 
tion into two components on the ascending limb is 
very similar to that of the G-2a component of the 
gastric juice preparation. 


TABLE I 
Mobilities of components at varying hydrion concentrations 


Protein Mobility (Desc. limb)* 

Buffer pH “% Gl Gla G2b G3 
Phosphate 5.1 1.6 62° 43 { t 
Phosphate 6.1 1.4 89 68 t 
Veronal 8.5 1.4 76 47 3s 


* Mobilities expressed in units of —u X 10-5 cm.* sec™ 
volts“. 
t Component not resolved. 
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TABLE Il 


Range of mobility calculated from experiments on material 
astric juice of normal individuals 
patients with duodenal ulcer 


Controls Ulcer patients 


Relative 
cone. 


Relative 
cone. 


Component Mobility 


Mobility 


The possibility that the G-2 group proteins in 
gastric juice represented solely contaminating 
saliva was ruled out by finding a small diffuse 
G-2 peak, of a size comparable to that seen in the 
gastric juice of intact subjects, in the gastric juice 
of Tom, an individual with a gastric fistula and an 
occluded esophagus (3). The ascending limb of 
the electrophoretic pattern, after 5,070 and 9,810 
seconds, is shown in Figure 3; the mobilities of 
the G-1, G-2, and G-3 components were —8.4, 
— 4.7, and — 1.0 x 10° cm.? sec.~! volts“', respec- 
tively. 


IT, Attempts to Identify “Glandular Mucopro- 
tein” and “Mucoproteose” in the Electrophoretic 
Pattern of Human Gastric Juice 


One gram of material prepared by Method B 
was dissolved in veronal buffer of pH 8.6, and 
electrophoresis determinations were carried out 
on the first aliquot of this solution alone, on a 
second aliquot to which “glandular mucoprotein” 
had been added, and on a third aliquot to which 
“mucoproteose” had been added. The amounts 


Fic. 2. Tae Execrropnoretic Patrern or HuMAN 
Sativa 1n A 0.1 Ionic StrenctH VeERoNAL BUFFER AT 
PH 8.5 anp a Protein ConcENTRATION OF 3.0 Per Cent 
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Fic. 3. Tue EvecrropHoretic PATTERN OF THE GAS- 
tric Juice or Tom UNCOMTAMINATED BY SALIVA SHOWN 
IN THE ASCENDING Limp AFTER 5,070 anv 9,810 Seconps 


and relative concentrations of the lyophilized gas- 
tric proteins (L.G.P.), the “glandular mucopro- 
tein” (MPN), and the “mucoproteose” (MPTS) 
in each solution are tabulated in Table III. 

The electrophoretic pattern of the plain gastric 
specimen is shown in Figure 4, upper tracing. It 
is a typical pattern, consisting of a fairly homo- 
geneous leading component, G-1; a very inhomo- 
geneous, diffuse center component, G-2a; a slight 
amount of protein forming a fairly slow peak, G-2b; 
and a fairly homogeneous, slowest moving com- 
ponent, G-3. The added MPN formed a peak 
about midway between components G-1 and G-2a 
(Figure 4, middle tracing). The added MPTS 
increased the area of the slowest moving compo- 
nent, G-3 (Figure 4, lower tracing). The mo- 
bilities of the components (calculated from the 
descending limb) are given in Table IV. 

The MPN analyzed in a separate experiment 
at a concentration of 1.8 per cent migrated as a 
single component and appeared more homogene- 


TABLE III 


Amounts and relative concentrations of protein in the plain 
gastric specimen (A) and in those to which ‘glandular 
mucoprotein" (B) and mucoproteose (C) 
had been added 


Total 

Mg. Mg. of prot. ee 

Expt. ? MPTS” conc.* L.G.P. MPN MPTS 
no. L.G.P. led % % 


% 


Conc. of components 


402 
268 
268 


* Total protein concentration was calculated by dividing 
total dry weight of all protein material by the total volume 
of protein solution after dialysis. 


G-2a 3.5-5.5 20-50 3.3-5.7 10-25 

G-2b 1.0-2.0 5-10 1.0-2.0 5-10 

G-3 0.4-1.0 20-40 04-10 5-15 

\ 

S-2, 5 

B 134 3.0 20 10 — 

— 13 30 20 — 10 
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ous than the MPN peak of Experiment B. The 
mobility of the MPN in this experiment was 
— 6.9 x 10° cm.’ sec.’ volts, as compared to 
the mobility of — 5.5 x 10° in Experiment B. 
The MPTS analyzed in a separate experiment at 
a concentration of 1.5 per cent migrated as a single 
component, with a mobility of — 0.8 x 10° cm? 
sec.“ volts“. 


III, Electrophoretic Analysis of Protein Prepa- 
rations Obtained by Fractionation of Gastric 
Juice According to the Method of Glass and 
Boyd (2) 


Bile-free gastric juice from a fasting patient 
with duodenal ulcer was collected and filtered at 
twenty minute intervals over a three hour period. 
This gastric juice was then divided into three 
equal portions and fractionated as follows: Frac- 
tion 1 was obtained by treating one portion by 
method as described above. Fraction 2 was ob- 
tained by treating a second portion by the first 
step in the Glass and Boyd method (2) ; i.e., re- 
moval of contaminants by precipitation with tri- 
chloracetic acid, and then was dialyzed and 


G3 Gee 


Gta 


Fic. 4. A: Tue ELectropHoretic Pattern or GASTRIC 
Juice rrom a Heattuy Susyject 1n 0.1 Ionic StrenctH 
VERONAL BurFFer AT PH 8.6 A Prorern CONCENTRA- 
TION OF 3.9 

B: Tue Same Arter AppiITION oF GLANDULAR 
MUCOPROTEIN 


C: Tue Same as A Arter ADDITION OF 
MUCOPROTEOSE 
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TABLE IV 


Mobilities of components in the plain gastric specimen (A) 
in those to which glandular mucoprotein (B) and 
mucoproteose (C) had been added 


Mobility (—u  10°* 


Exp. B ‘gi 
* 
1.2 
5.5 


* Component too diffuse for accurate calculation. 
t Component missing, probably obscured by large MPTS 
peak. 


lyophilized. Fraction 3 was obtained by treating 
a third portion by the first two steps in the Glass 
and Boyd method, 1.e., removal of contaminants 
with trichloracetic acid and precipitation of 
“mucin” with acetone. The “mucin” was then 
dissolved in 0.1 N sodium hydroxide, was dia- 
lyzed, and then lyophilized. 

An electrophoresis experiment was performed 
on each of the fractions obtained in the manner 
described above. The Aminco portable electro- 
phoresis apparatus and clinical cell were employed, 
and the analyses were carried out using 0.1 ionic 


Fic. 5. A: Tue Ascenpinc Lime or THE ELecrro- 
PHORETIC PATTERN OF HuMAN GastRIC JUICE 
B: Tue Same Arter TREATMENT WITH 
TrICHLORACETIC AcID 
C: Tue Same as A AFTER TREATMENT WITH 
Botu TricHvoracetic Acip AND ACETONE 


Componeat Exp. A Exp. C yi 
G-l 7.4 7.4 
G-2a 4.3 
G-2b 1.0 
G-3 6 
MPN 
mes 
| 
ASC 
| — 
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TABLE V 


Motilities of protein components in fractions separated by 
method of Glass and Boyd 


—u X 10° 
volts™ Protein 
conc.* 


Fraction Y 


1. Plain gastric specimen “a? 2.5 


reated with trichloracetic 
acid 

3. Treated with trichloracetic 
acid and acetone 7. 1.8 


2.4 


* Protein concentration calculated on basis of dry weight 
of lyophilized material, with assumption that all material 
is protein in nature. 


strength veronal buffer of pH 8.5. The ascending 
limb electrophoretic patterns of the three fractions 
are shown in Figure 5, and the mobilities of the 
designated components (calculated from the 
descending limb) are tabulated in Table V. 

The electrophoretic pattern of whole gastric 
juice proteins (Fraction 1) exhibited five maxima 
in the refractive index gradient curve, one of them 
representing the stationary boundary (Figure 5), 
upper tracing. The component of highest mo- 
bility, G-1, was fairly homogeneous and repre- 
sented 14 per cent of the total concentration of 
material. The mobility of this G-1 protein was of 
the same order of magnitude in Fractions 1, 2, 
and 3. However, in Fraction 2 it represented 35 
per cent and in Fraction 3, 40 per cent of the total 
concentration. In addition, the peak was sharper 
and more symmetrical in the electrophoretic dia- 
gram of Fraction 2 than in either Fraction 1 or 3. 


COMMENT 


It is as yet impossible to state whether the 
change in mobility and symmetry of the G-1 com- 
ponent is due to denaturation of the proteins dur- 
ing the fractionation procedure, to the action of 
proteolytic enzymes present in gastric juice, or 
to some other cause. At the present time, studies 
are in progress to obtain pure components by 
utilizing a modification of the low temperature- 
ethanol fractionation technique used by Cohn and 
his associates in the fractionation of blood (4). 

The G-2 group proteins were evident in the 
electrophoretic pattern of Fraction 1; their mo- 
bilities were of the same order as previously 
calculated. However, in the electrophoretic pat- 
terns of Fraction 2 and 3 no peaks corresponding 
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to the G-2 group proteins were evident. Glass 
and Boyd have demonstrated (2) that the trichlor- 
acetic acid removes contaminating salivary pro- 
teins, and since it has been shown above that salivary 
proteins are related to the G-2 group proteins, the 
absence of any G-2 group in the electrophoretic 
patterns of Fractions 2 and 3 is not altogether sur- 
prising. However, it should be stressed that the 
trichloracetic acid removes the G-2 proteins of 
gastric origin as well as those of salivary origin. 

The relative concentration of the G-3 protein, 
as determined from the electrophoretic diagrams, 
was virtually identical for Fractions 1, 2, and 3. 
In addition, in all three fractions the mobilities of 
this component were of the same order of mag- 
nitude and the symmetry was essentially the same. 


DISCUSSION AND SUMMARY 


The electrophoretic analyses of the concentrated 
gastric juice of normal individuals and of patients 
with duodenal ulcer demonstrated the presence of 
at least five different proteins whose relative con- 
centrations varied considerably. 

It is recognized that the procedures required in 
the preparation of the material for electrophoretic 
analysis may have denatured or in some way 
altered the electrical properties of the proteins. 
The component with the highest mobility was 
designated as G-1. Fairly homogeneous, it oc- 
curred in higher concentration in the gastric juice 
of patients with duodenal ulcer than in that of 
normal individuals. Glass, Boyd, and Svigals (5) 
had earlier found a higher concentration of 
“glandular mucoprotein” (MPN) in juice from 
individuals with duodenal ulcer than from healthy 
subjects. This correlation, plus the results of the 
fractionation of gastric juice by the Glass and 
Boyd method reported above, suggests that the 
G-1 component is related to glandular mucopro- 
tein. The fact that prepared “glandular mucopro- 
tein” when added to lyophilized gastric juice pro- 
tein migrated as a separate component, suggests 
that the glandular mucoprotein is a form of the 
G-1 component denatured by the drastic con- 
ditions of its preparation from a 60 per cent 
acetone solution at room temperature. 

The resolution, mobilities, and relative concen- 
trations of the group of proteins designated as the 
G-2 components varied considerably, with the 
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number of separate peaks varying from one to 
three. The peaks of these proteins were diffuse, 
indicating inhomogeneous, low molecular weight 
material. Although it was demonstrated that 
contaminating salivary proteins contribute to the 
G-2 group components, the experiment on the 
juice of the gastric fistulous subject with occluded 
esophagus suggests that gastric juice proteins also 
contribute to this group. 

The peak designated as the G-3 component indi- 
cated the presence of a fairly homogeneous pro- 
tein, migrating at a very low mobility. This 
component was electrophoretically identical with 
“mucoproteose” (MPTS) of Glass and Boyd. 
The studies of material partly fractionated by the 
Glass and Boyd method suggest that the muco- 
proteose concentration, as determined by chemical 
analysis, includes in part dialyzable, low molecular 
weight material. This fraction of mucoproteose 
could, of course, not be examined electrophoretic- 
ally. 


CONCLUSIONS 


With the limitations in mind that the prepara- 
tory procedures may have altered the proteins, 
it may be stated that the electrophoretic pattern of 
whole human gastric juice reveals the presence of 
at least five electrophoretically distinct proteins, 
present in varying concentrations. The compo- 


867 


nent of highest mobility seems to be related to, 
but is not identical with, the “glandular miuco- 
protein” of Glass and Boyd. The component of 
lowest mobility is electrophoretically identical with 
the ‘““‘mucoproteose” of Glass and Boyd. 
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EVIDENCE IN MAN THAT URINARY ELECTROLYTE LOSS IN- 


DUCED BY PITRESSIN IS A FUNCTION OF WATER 


INTRODUCTION 


There are many conflicting reports on the acute 
effects of posterior pituitary extract on the renal 
excretion of sodium and chloride. This subject 
has been recently reviewed (1). 

The present study was made to determine the 
effects on electrolyte excretion in man of a long- 
acting posterior pituitary extract administered 
over a period of several days. The results suggest 
that the state of hydration determines the effect 
of pitressin on electrolyte excretion. The rela- 
tionship of the findings to the problem of volume 
regulation of the body fluids will be considered. 


METHODS 


Metabolic studies were conducted at the Metabolism 
Ward of the Massachusetts General Hospital (2) and at 
the U. S. Public Health Service Hospital, Baltimore, 
Maryland. Subjects studied included four normal adults, 
two patients with anterior pituitary insufficiency, one with 
anterior and posterior pituitary insufficiency, one with 
adrenal cortical insufficiency, and one with ovarian agene 
sis. Subjects were maintained on a constant diet, and 
the fluid intake was controlled at various levels. No 
restrictions were made on the activity or position of the 
subjects. 
and ranged in different studies from 20 to 175 mEq. per 
day. Following an initial control period of several days, 
posterior pituitary extract was administered intramuscu 
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larly as Pitressin Tannate in Oil, 2.0 units initially, 
followed by 1.0 unit every 12 hours for two to four days. 
This dose of pitressin was estimated to be within the 
physiological range of endogenous antidiuretic hormone 
production (3, 4). Twenty separate periods of pitressin 
administration were studied. In all but one instance an 
antidiuretic effect was maintained throughout the period 
of hormone administration. 

Urine and serum were analyzed for sodium, chloride, 
potassium, nitrogen, and total solutes. Two studies in- 
cluded calcium and phosphorus determinations and stool 
analyses. Analytical methods used have been described 
in a previous communication (5). Recently, however, the 
saline standard solutions used in the measurement of 
total solute concentrations have been corrected for ac- 
tivity coefficients calculated from data obtained in the 
International Critical Tables (6). Thus, in the studies 
on R. S., N. W., and O. W. in which the new standards 
were used, the normal level of total solute concentration 
of serum was found to be approximately 290 mOsm. per L. 
rather than the previously reported value of 310 mOsm 
per L. 

Inulin and para-aminohippurate clearances (7) 
used as measures of glomerular filtration rate and renal 
plasma flow in one subject, M. K. H. In two subjects, 
R. S. and O. W., 24 hour clearances of endogenous 
creatinine were used as an estimate of glomerular filtra 
tion rate® (8). Acute changes in plasma volume were 
calculated in subjects R. S. and O. W. from hematocrit 
and hemoglobin measurements (9). 


were 


RESULTS 
A. The effects of pitressin on electrolyte excretion 
Figure 1 shows a typical response of a normal 
subject to administration of pitressin over a period 


5 Lots L&888G or L654C were used. The Pitressin 
Tannate in Oil was generously supplied by Dr. A. C. 
Bratton, Jr., Parke, Davis and Co., Detroit 23, Michigan. 

6 Although not as valid a measure of glomerular filtra- 
tion rate as is the clearance of inulin, the clearance of 
endogenous creatinine is a useful estimate of the filtration 
rate over the daily period of urine collection. This avoids 
the fallacy of correlating the excretion of water and 
solutes over twenty-four hours with the clearance of inulin 
over a few minutes. 
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Fic. 1. Tue Errects or PIitresstN ON SERUM ELECTROLYTE CONCENTRA- 
TIONS, UrinaRY ELectrotyte Excretion, Urinary VOLUME AND TOTAL SOLUTE 
CONCENTRATION, AND Bopy Weicut or A NorMAt SuBJECT 

The hatched columns represent total 24 hour excretions and the broken lines 
urinary concentrations. Note the prompt antidiuretic effect of pitressin but the 
delay in the excretion of sodium and chloride. Sodium intake was 60 mEq. per 
day by analysis. Because of anorexia and nausea, part of the diet and fluid 
intake was refused on the last two days of pitressin administration. The day 
after pitressin was stopped 300 ml. of three per cent saline were administered 
intravenously to correct the extracellular fluid hypotonicity. The abnormally 
high serum potassium on Day 10 was twice repeated but remains unexplained ; 
no comparable result was seen in any other experiment. 
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Fic. 2. THe Errects or PitrRESSIN ON SERUM ELECTROLYTE AND TOTAL 
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The concentrations of serum sodium, chloride and total solute were 
abnormally high during the control period. In the left-hand section of 
this figure the effects of pitressin alone are presented. In the right-hand 
section the effects of pitressin following seven days of continuous cortisone 
therapy are presented. On cortisone the antidiuretic effect of pitressin 
was increased, as indicated by the higher urinary total solute concentration. 
The sodium and chloride loss and symptoms of water intoxication were 
also increased with cortisone. Sodium intake was 49 mEq. per day by 
analysis. 
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of three days, The antidiuretic effect of pitressin 
is seen in the abrupt decrease in urine volume and 
increase in urine total solute concentration that 
occurred on the first day of hormone administra- 
tion. The water retention produced by this anti- 
diuretic effect resulted in an increase in body 
weight and dilution of serum sodium, chloride and 
total solutes. On the third day of pitressin ad- 
ministration a large increase in urinary sodium 
and chloride excretion occurred. The large water 
diuresis following the pitressin period represented 
excretion of water retained during pitressin ad- 
ministration, and returned the weight to the con- 
trol level. The urinary sodium excretion fell to 
low levels in the post-pitressin period. These 
after-effects have been constant sequelae of pitres- 
sin administration when the latter has caused fluid 
retention and sodium loss. 

The left-hand section of Figure 2 shows similar 
data obtained from a patient with anterior and 
posterior pituitary insufficiency. Again pitressin 
had a prompt antidiuretic effect. Only after the 
first 24 hours was there an increased excretion of 
sodium and chloride, which progressed stepwise 
throughout the remainder of the pitressin period. 

Similar, though less striking, results were ob- 
tained in a subject with adrenal cortical insuf- 
ficiency (Figure 3) treated with 25 mgs. of corti- 
sone acetate orally every eight hours throughout 
the study. 

The delay in the appearance of the increases in 
electrolyte excretion suggested that they could be 
dissociated from the prompt antidiuretic action of 
pitressin, The increased sodium excretion during 
administration of pitressin was associated with 
progressive retention of water. This suggested 
that the effects on electrolyte excretion could re- 
sult from the overhydration produced by pitressin 
rather than from a primary action of pitressin. 


B. Prevention of the effects of pitressin on elec- 
trolyte excretion by dehydration 


To test this hypothesis pitressin was given to 
three normal subjects during periods of low fluid 
intake which would preclude fluid retention in 
spite of exogenous antidiuretic activity. The same 
dose of pitressin was repeated later in the study 
during periods of high fluid intake. Figures 4 
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The subject was maintained on 25 mg. of cortisone 
acetate orally every eight hours throughout the study. 
Urinary calcium and phosphorus excretion and salivary 
electrolyte concentrations are also shown. Sodium intake 
was 124 mEq. per day by analysis. 


and 5 show the influence of the state of hydration 
on renal sodium excretion. 
Figure 4 shows the effects of two different levels 
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872 A. LEAF, F. C. 
of fluid intakes on the excretion of electrolytes dur- 
ing pitressin administration. The urine volume 
was small, and its total solute concentration high, 
during the control period of low fluid intake. Ad- 
ministration of pitressin resulted in no further 
increase in urine total solute concentration and no 


fluid retention, as indicated by the constancy of 
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Fic. 4. Tue Errects or Pitressin oN SeruM ELEc- 
TROLYTE AND Totat So_uTE CONCENTRATIONS, URINARY 
ELECTROLYTE AND NITROGEN Excretion, Urtnary 
UME AND ToTAL SoL_uTE CONCENTRATION, HEMATOCRIT, 
ENDOGENOUS CREATININE CLEARANCE, AND Bopy WEIGHT 
in A Normat Man on Low anv Hicn Fiurip INTAKES 


Fluid restriction prevented all of the effects of pitressin 
(weight gain, serum dilution, sodium and chloride loss) 
observed during the high fluid intake. Sodium intake was 
78 mEq. per day by analysis. 
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body weights and the absence of serum dilution. 
No change in sodium or chloride excretion re- 
sulted from pitressin in the absence of fluid re- 
tention. 

The fluid intake was then increased. Urine vol- 
umes increased and urine concentration dropped. 
When pitressin was again given, its prompt 
antidiuretic effect was evident. Water was now 
retained, as indicated by the weight curve. A 
definite increase in urinary sodium was present 
on the third day of pitressin. The increase in 
chloride occurred the following day. The marked 
dilution of the serum sodium and total solute con- 
centrations resulted both from water retention 
and, to a lesser extent, from excretion of sodium. 

Figure 5 shows the effect of three different 
levels of fluid intake on the excretion of electro- 
lytes during pitressin administration. Again with 
restriction of fluid intake to low levels (920 ml. 
of water in total fluid intake daily) no significant 
changes in sodium and chloride excretion were 
noted. When a further 1,500 ml. of water were 
given daily, repetition of the pitressin dosage now 
resulted in definite fluid retention and weight gain, 
accompanied by a slight increase in sodium and 
chloride excretion. Finally, the fluid intake was 
increased to a total of 4,000 ml. daily; pitressin 
now caused a very large increase in sodium and 
chloride excretion.’ Because of the rapidity of 
water retention and the marked dilution of serum 
solute concentration that occurred with the high 
fluid intake, the last pitressin period was shortened 
to two days’ duration. 

These observations suggested that the electro- 
lyte excretion following pitressin is determined by 
the state of hydration. Figure 6 shows the rela- 
tionship between per cent increase in body weight 
and cumulative sodium loss during fifteen periods 
of pitressin administration. It is apparent that a 
rough correlation exists between fluid retention 
and sodium loss. 

The possibility existed that the late increase in 
sodium and chloride excretion might simply be 
the result of an accumulation of pitressin activity 


in excess of physiological amounts. The total of 


7 Although the sedium and chloride excretion had not 
reached “base-line” control values by the time the third 
course of pitressin was started, the effects on salt-loss are 
unequivocal. 
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During dehydration there was no loss of sodium in excess of intake, 
which by analysis was 60 mEq. per day. With a moderate and a large 
increase in water intake, pitressin produced corresponding degrees of 
fluid retention and sodium and chloride loss. The severity of dehy- 
dration on the low fluid intake in this subject was indicated by the 
high serum sodium and total solute concentrations and the weight loss. 
The progressive fall in urine total solute concentration and increase 
in urine volume, in spite of this dehydration and in spite of pitressin is 
unexplained and was not observed in other studies. 
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lic. 6. Tuer RELATIONSHIP BETWEEN PITRESSIN-IN- 
puceD RETENTION (PER Cent INCREASE IN Bopy 
WEIGHT) AND CUMULATIVE Sopium Loss 


The data include all the pitressin periods except those 
during ACTH and very low sodium intake, both of which 
prevented sodium loss. The cumulative sodium loss was 
calculated as that in excess of control urinary sodium ex- 
cretion and per cent weight gain was calculated from the 
maximum weight increase achieved during pitressin. 


7.0 units of pitressin had previously been ad- 
ministered over three days in most of the studies. 
Therefore, this dose was administered to one sub- 
ject, O.W., all at one time in five injection sites, 
in order to produce hormone levels higher than 
any that could have occurred in the other studies. 
Antidiuresis was accompanied by a weight gain of 
only 0.5 per cent (0.4 Kg.), and no increase in 
sodium or chloride excretion. This indicates that 
the large sodium and chloride losses from pitressin 
in these experiments cannot be explained as ef- 
fects of excessive doses of pitressin. 


C. Prevention of the effects of pitressin on elec- 
trolyte excretion by ACTH 


In two studies adrenocorticotropic hormone was 
administered concomitantly with pitressin to see 
whether the sodium and chloride excretion could 
be prevented by stimulation of the adrenal cortex. 
Figure 7 shows the results in one subject; the 
other subject responded in similar fashion. Pi- 
tressin alone produced the expected fluid reten- 
tion, weight gain, serum dilution and diuresis of 
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sodium and chloride. A potent corticotropin,*® 0.5 
mg. administered subcutaneously every six hours 
for five days, completely abolished the sodium and 
chloride diuresis during pitressin; in fact, sodium 
excretion was markedly inhibited until ACTH 
was stopped. 

The maximum increase in body weight was 2.3 
kilograms when pitressin alone was administered 
but 3.1 kilograms when pitressin and ACTH were 
given. In spite of the larger fluid retention that 
occurred during the ACTH administration the 
serum dilution was less because of the concomitant 
sodium retention. 

A very low sodium intake, 20 mEq. per day, 
during another study on this subject likewise pre- 
vented the expected sodium loss during pitressin 
administration. Such a low sodium intake is a 
potent stimulus for renal conservation of sodium 


(10). 


D. Hemodynamic and renal changes during pi- 
tressin administration 


In none of the subjects was there a significant 
change in blood pressure during administration of 
pitressin. Expansion of plasma volume subse- 
quent to water retention was shown in subjects 
O.W.and R.S. The peak increase of plasma vol- 
ume (as calculated from changes in hematocrit 
and hemoglobin) was 8 per cent in O. W. and 13 
per cent in R. S. 

In the three studies in which renal clearances 
were measured they were found to be increased 
during the fluid retention. In subject R. S. the 
clearance of endogenous creatinine rose from a 
mean control level of 171 + 11 liters per day to a 
maximum of 217 liters during the second day of 
the last pitressin period. In O. W. the clearance 
of endogenous creatinine rose from a mean control 
level of 189 + 9 liters per day to a maximum of 
226 liters on the day after the second pitressin 
period. 

In subject M. K. H. the inulin clearance rose 
from control values of 105, 102, and 85 ml. per 
minute per 1.73 m? to 124 ml. per minute per 
1.73 m?* during the last day of the first pitressin 
period in Figure 7, The simultaneous clearances 
of para-aminohippurate showed no_ significant 
changes. 


8 Generously supplied by Dr. E. B. Astwood. 
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E. The effects of pitressin on excretion of other that shown in Figure 3. Changes in phosphorus 
electrolytes and nitrogen excretion were equivocal. No constant pattern of 
In the two studies in which calcium and phos- potassium excretion was noted. Urinary nitrogen 

phorus balances were measured there occurred an was not significantly affected by pitressin admin- 

increase in urinary calcium excretion similar to istration (Figures 4 and 5). 
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Fic. 7. Tue Errects oF Pitressin, ALONE AND WitTH ACTH, on Serum 
ELECTROLYTE AND ToTAL SOLUTE CONCENTRATIONS, URINARY ELECTROLYTE 
EXxcreTION, URINARY VOLUME AND ToTAL SOLUTE CONCENTRATION, Circu- 
LATING EOSINOPHILS, AND Bopy WEIGHT IN A SUBJECT WITH OVARIAN 
AGENESIS 

The natriuresis and chloruresis induced by pitressin were completely 
abolished by ACTH. The serum dilution was less with ACTH together 
with pitressin than with pitressin alone, although the weight gain was greater. 
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DISCUSSION 


The confusion that exists regarding the effects 
of pitressin on renal excretion of electrolytes is 
‘probably the result of a diversity of experimental 
conditions. Species’ differences, variations in 
dose, and the use of different extracts may have 
contributed to the conflicting findings. The pres- 
ent study indicates that the state of hydration of 
the experimental subject may be an important 
variable. Thus, dehydration prevented the large 
excretion of sodium and chloride produced by 
pitressin in hydrated subjects. This finding is in 
accord with the observation that endogenous anti- 
diuretic hormone, released by dehydration (11- 
13), does not cause natriuresis or chloruresis (14, 
15). 

That pitressin does not exert a direct effect on 
electrolyte excretion in mati is suggested by the 
results of the present study. The increased elec- 
trolyte excretion associated with pitressin ap- 
peared to be secondary to water retention and was 
prevented by dehydration. 

The possibility, however, of a direct effect of 
pitressin on renal excretion of sodium and chloride 
has not been excluded. Mechanisms for sodium 


retention may come into play during dehydration 


and obscure a pitressin effect. Increased adrenal 
cortical activity was capable of inhibiting the 
natriuresis and chloruresis, and it is possible that 
dehydration stimulates the adrenal cortex. 

Further evidence that pitressin has no direct 
electrolyte effects was seen in the dissociation be- 
tween its rapid antidiuretic action and the late in- 
crease in electrolyte excretion which occurred in 
the hydrated subjects. That this late effect was 
not simply the result of an accumulation of pitres- 
sin activity in excess of physiological amounts is 
indicated by the following: 1) no such effect was 
seen from the same pitressin dosage during de- 
hydration;® 2) when the total dosage was ad- 
ministered at one time to a hydrated subject there 
were no electrolyte effects. 

The effects of a given quantity of water reten- 
tion on sodium diuresis could be prevented by 


® Theoretically at least, during dehydration, adminis- 
tered pitressin is superimposed upon endogenous anti- 
diuretic hormone, so that the total quantity of circulating 
hormone is greater than that obtaining when pitressin is 
administered to the hydrated subject. 
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adrenal stimulation or salt restriction.'° This was 
demonstrated by studying exactly comparable 
pitressin periods at the same level of fluid intake, 
in the same subject, “on” and “off” ACTH, and 
on low and high salt intakes. Thus it was ap- 
parent that this degree of water retention had 
not served to release endogenous sodium-conserv- 
ing mechanisms. 

In these experiments, small doses of pitressin 
were given over periods of several days, and it is 
possible that acute effects were obscured. How- 
ever, several recent studies in which physiological 
amounts of posterior pituitary extract were given 
to human subjects in acute experiments reveal no 
effect on sodium and chloride excretion (1, 16— 
20). 

Water retention with dilution of extracellular 
fluid, when marked, was accompanied by symp- 
toms of water intoxication. These were progres- 
sive mental confusion, fatigue, headache, and 
nausea leading to vomiting. Muscle cramps oc- 
curred in only one instance. No essential dif- 
ferences were observed in the response of normal 
subjects and those with endocrine disorders, in- 
cluding adrenal cortical insufficiency. In two sub- 
jects, cortisone neither diminished the antidiuretic 
response to pitressin nor ameliorated the symp- 
toms of water intoxication. Adrenocorticotropic 
hormone, on the other hand (Figure 7) did not 
diminish the antidiuretic response to pitressin, but 
did ameliorate the symptoms of water intoxication, 
presumably by causing sodium retention, and 
hence less serum and extracellular fluid dilution. 

Low serum sodium concentrations have been 
considered to be a cause of decreased renal func- 
tion. Serum sodium levels as low as 120 mEq. 
per L. were found in this study in the absence of 
any evidence of diminished renal function. Inulin, 
para-aminohippurate, and creatinine clearances, 
as well as renal concentrating ability, were unim- 
paired. This would suggest that the cause of 
reduced renal function in other low sodium states 
is not the low serum sodium concentration per se, 
but rather some associated abnormality, such as a 


10 Since an increase of glomerular filtration rate was 
found to accompany water retention, it is likely that water 
retention of a sufficient magnitude could produce sodium 
loss in spite of a maximal stimulus to tubular reabsorption 
of sodium. 
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reduced plasma volume or cardiac output com- 
monly found in these disorders. 

It has been postulated that edema may result 
from an excess of endogenous antidiuretic hor- 
mone activity (21, 22). The assumption is made 
that primary water retention will cause sodium 
retention and the resultant isotonic over-expansion 
of extracellular fluid volume which characterizes 
the edematous state. The present studies, though 
of short duration, suggest that this sequence of 
events does not occur. Pitressin had no effect on 
the dehydrated subject ; when the fluid intake was 
increased water retention occurred but sodium 
loss rather than retention ensued. It appears that 
antidiuretic hormone activity itself, in the absence 
of simultaneous and independent mechanisms for 
sodium retention, does not result in edema. No 
edema was noted in our subjects; indeed it is un- 
likely that pure water retention could cause sig- 
nificant clinical edema without lethal water intoxi- 
cation. 

Some increase in glomerular filtration appar- 
ently occurred during the water retention and 
natriuresis. However, the demonstration that 
ACTH prevented such sodium and chloride loss 
indicates that tubular reabsorptive capacity for 
sodium and chloride had not been exceeded. The 
finding of large excretions of sodium and chloride 
at a time when their concentraiions in the serum 
were falling, clearly indicates that serum concen- 
trations of sodium and chloride were not effective 
stimuli for their renal conservation. It is thought 
that this renal ioss of sodium and chloride in the 
presence of obligatory retention of water is a 
homeostatic response to over-expansion of fluid 
volume. 

It is of interest that Stewart and Rourke (23) 
produced an increased excretion of sodium by 
acutely over-loading a normal subject with water 
to the point of water intoxication, No posterior 
pituitary extract was administered to their subject. 
Strauss, Davis, Rosenbaum, and Rossmeisl (24) 
have increased renal sodium excretion by expan- 
sion of extracellular fluid volume with hypotonic 
saline solutions. These results appear to be 
manifestations of the same phenomenon: increased 
sodium excretion in response to over-expansion 
of body fluid volume. 


SUMMARY AND CONCLUSIONS 


The effects of a long-acting posterior pituitary 
extract on electrolyte and water excretion were 
studied in man. Observations were made during 
twenty 2 to 4 day periods of pitressin (1 unit per 
12 hours) in nine subjects maintained on constant 
diets and fluid intakes. 

It was found that pitressin produced in normally 
hydrated subjects the following: 1) prompt water 
retention and resulting weight gain; 2) serum 
dilution; and 3) a marked increase in urinary 
sodium and chloride excretion manifest on the 
second or third day of pitressin administration. 

Cessation of pitressin administration was fol- 
lowed by: 1) a large water diuresis with fall in 
body weight; 2) return of serum concentration to 
control levels ; and 3) a decrease in urinary sodium 
and chloride excretion to levels below the control. 

All the above changes were prevented by re- 
striction of fluid intake during pitressin adminis- 
tration. This strongly suggests that the increased 
excretion of sodium and chloride was the result 
of water retention and not a direct effect of pitres- 
sin. 

Some increase in glomerular filtration rate ap- 
parently occurred during the water retention and 
natriuresis. Evidence that the tubular reabsorp- 
tive capacity for sodium and chloride had not been 
exceeded, however, was indicated by the preven- 
tion of such electrolyte loss by ACTH or by a low 
sodium diet. 

The renal loss of sodium and chloride resulting 
from obligatory retention of water is interpreted 
as a homeostatic response to over-expansion of 
fluid volume. 
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EFFECTS OF CORTICOTROPIN ON BODY WATER AND 


ELECTROLYTES IN PATIENTS WITH 


RHEUMATIC DISEASE * 
By NORMAN DEANE, MORRIS ZIFF, anno JOSEPH J. BUNIM 2 
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and the Study Group on Rheumatic Diseases, New York University-Bellevue 


The therapeutic response to pituitary adreno- 
corticotropic hormone is often accompanied by 
profound changes in water, solid, and electrolyte 
distribution. Metabolic balance studies in pa- 
tients receiving corticotropin (1) have demon- 
strated marked initial retention of sodium and 
chloride and subsequently increased excretion of 
these ions while potassium balance remained nega- 
tive. Bartter and his co-workers (2), studying 
patients with panhypopituitarism who were re- 
ceiving corticotropin, observed that retention of 
sodium was greater than that of chloride, and con- 
cluded that sodium entered cells when corticotro- 
pin was given, and left the cells during the re- 
covery periods. There was a large but transient 
loss of potassium within 24 hours after the be- 
ginning of treatment and a corresponding reten- 
tion of potassium at the beginning of the post- 
corticotropin period. A transient increase in the 
inulin space in patients treated with corticotropin 
and cortisone, and maintained on rigid salt re- 
striction, has been reported by Levitt and Bader 
(3). Since the patients studied by these authors 
were on a markedly restricted salt intake and re- 
mained in salt balance, without gain in weight, 
it was concluded that the observed increase in the 
extracellular fluid volume was due to a shift of 
salt and water from the intracellular compart- 
ment. Recently, Ziff, Simson, and Bunim (4) 
reported variation in the manner of water re- 
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tention by different individuals during cortico- 
tropin administration. This was predominantly 
intracellular in some cases and extracellular in 
others, as determined from the simultaneous meas- 
urement of antipyrine and bromide spaces. The 
present study is designed to quantitate further 
some aspects of the changes in body water and 
electrolyte metabolism which may be encountered 
during this induced state of adrenalcortical hyper- 
function. 


METHODS 


Extracellular fluid volume was measured by the 
calibrated infusion technique (5) using sucrose. Total 
body water was determined by the antipyrine ® method 
(6). Total exchangeable sodium and potassium (7) and 
chloride (8) were measured by dilution techniques em- 
ploying radiosodium (Na™), radiopotassium (K“) and 
bromide. Extracellular and non-extracellular * electrolyte 
and total body solids were calculated as described in 
previous papers. Extracellular sodium and potassium 
were calculated as the products of extra-cellular fluid 
volume and plasma concentration. Corrections for plasma 
water (W=0.92) and the Donnan factor (K = 1.02) 
have been made in the calculations of extracellular chlo- 
ride. 

When bromide studies (9) were repeated at weekly 
intervals in the measurement of body chloride, signincant 
concentrations of bromide were present in control plasmas. 
Correction for the fall in the control level of bromide 
during the 24-hour equilibration period, the magnitude 
of which varied from two to eight per cent, was made 
as described by Ziff, Simson, and Bunim (4). 

The patients were given a standard hospital low salt 


8 Antipyrine was supplied in sterile ampules by Eli 
Lilly & Co. 

4 By non-extracellular electrolyte, we mean the part 
of total body electrolyte which is not contained in the 
extracellular fluid volume as measured by the sucrose 
volume of distribution. Thus, non-extracellular electro- 
lyte includes all intracellular electrolytes as well as the 
portion of total exchangeable electrolyte which may not 
literally be within the limits of cell membranes (bone 
sodium, for example). 


A 
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diet which, by dietetic analysis, had an average daily 
composition of carbohydrate 230 Gm., protein 55 Gm., fat 
55 Gm., potassium 2.8 Gm., sodium 0.40 Gm. and chloride 
0.66 Gm. This diet was supplemented by 4 Gm. of sodium 
chloride which was presented to the patient in a weighed 
salt shaker. All patients were on the diet and salt 
supplement for at least five days prior to the control 
study. The patients consumed the full diet and salt 
supplement throughout the period of observation. Corti- 
cotropin was administered intramuscularly every six 
hours in the dosages indicated in the tables.® 
The patients were as follows: 


Initials Age Sex Diagnosis 

: 15 Male Rheumatoid Spondylitis 
R.F. 14 Male Rheumatic Fever 

noc. 17 Female Rheumatic Fever 

Ww.C. 42 Female Rheumatoid Arthritis 


Clinical summaries are appended. 


RESULTS 


The results (Tables I-IV) in the four patients 
studied are summarized as follows. Three of the 
patients (T. T., R. F., W. C.) gained weight 
(range 1.9 to 8.5 Kg.) while one (H. C.) had lost 
4 Kg. at the end of 22 days of corticotropin 
therapy. The values for total body water and 
total body solids indicate the nature of these 
weight changes. Of the three patients who gained 
weight, T. T. and R. F. (Tables I and II) present 
a similar pattern. The progressive increase in 
total body water reflects a continuing positive 
water balance which is most marked during the 
first week of treatment . This fluid is retained as 


5 Corticotropin (pork ACTH) was supplied by Armour 
& Co. Dosages are expressed in milligrams equivalent 


to Armour standard LA-1-A. 
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TABLE I 


cell water, as the values for extracellular and intra- 
cellular water indicate. As a result of initial de- 
crease in extracellular water, however, cellular 
hydration is increased by an amount greater than 
the volume of water retained. Thus the positive 
water balance is associated with a shift of extra- 
cellular water into the cells. Restoration of extra- 
cellular fluid volume was complete in T. T. (Table 
1) after 43 days of treatment and partial in R. F. 
(Table I1) after 34 days of treatment. Both pa- 
tients displayed a marked decrease of total body 
solids during the first five-day period, and this 
value continued to decrease as shown by tests per- 
formed on the thirteenth day in R. F. and the 
nineteenth day in T. T. Side effects of cortico- 
tropin administration such as moon face and acne 
were prominent when the final measurements were 
made in these patients, at which time the mass of 
total body solid had returned to values greater 
than those measured in the control study. This 
requires the assumption of a positive solid balance 
with deposition of either body fat or protein late 
in the course of corticotropin treatment. 

In W. C. (Table III), the gain in weight was 
related to a different sequence of events. No sig- 
nificant change in total body water occurred during 
twelve days of treatment although a transient shift 
of 2.4 liters of cell water to the extracellular fluid 
was observed on the fifth day. The increase in 
body weight during this period was due to an 
increase in body solid. After two weeks, the pa- 
tient began to gain weight rapidly, concurrently 
developing signs of marked extracellular fluid vol- 
ume expansion, that is, peripheral edema, ascites, 
pulmonary congestion, and elevated venous pres- 


Rheumatoid spondylitis 
T. T., 15 years, ACTH dosage = 100 mg./day 


Day of ACTH administration Control 5 19 43 
Weight (Kg.) 28.3 30.0 31.3 36.8 
Total body water (liters) 16.1 19.3 21.9 23.2 
Extracellular water (liters) 8.5 ia 7.5 8.5 
Intracellular water (liters) 7.6 12.1 14.4 14.7 
Total body solids (Kg.) 12.2 10.7 9.4 13.6 
Total body sodium (mEq.) 1,450. 1,480. 1,520. 1,790. 
Plasma sodium concentration (mEq./L.) 140. 139. 13 144, 
Extracellular sodium (mEq.) 1,190. 1,000. 1,020. 1,220. 
Non-extraceliular sodium (mEq.) 260. 480. 5 570. 
Total body chloride (mEq.) 1,210. 1,160. 1,480. 
Plasma chloride concentration (mEq./L.) 106. 105. 108. 
Extracellular chloride (mEq.) 1,110. 840. 1,020. 
Non-extracellular chloride (mEq.) 100. 320. 460. 
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EFFECT OF CORTICOTROPIN 


ON BODY WATER AND ELECTROLYTES 


TABLE II 


Acute rheumatic fever 
R. F., 14 years, ACTH dosage = 100 mg./day 


Day of ACTH administration 


Control 


Weight (Kg.) 

Total body water (liters) 

Extracellular water (liters) 

Intracellular water (liters) 

Total body solids (Kg.) 

Total body sodium (mEq.) 

Plasma sodium concentration (mEq./L.) 
Extracellular sodium (mEq.) 
Non-extracellular sodium dinEq.) 


sure, which did not respond to salt restriction, 
diuretics or digitalis therapy. After the study on 
the nineteenth day, corticotropin was discontinued. 
The increase of 7.5 liters in extracellular fluid 
from day 12 to 19 was effected by a positive water 
balance of 4.3 liters and a shift to the extracellular 
fluid of 3.2 liters of cell water. Total body solids 
continued to increase during this interval. 
Although H. C. (Table IV) lost weight, the 
alterations induced by corticotropin in this patient 
are of a similar pattern to those initially noted in 
W.C. Total body water decreased progressively 
during treatment, indicating a negative water bal- 
ance. This water loss was met exclusively from 
the intracellular water since the data show that 
extracellular fluid volume did not fall below the 
control value at any time during treatment. A 
transient shift of cell water to the extracellular 
fluid was noted in this patient (H. C., Table IV, 
Day 15). In contrast to T. T. and R. F. who had 
a marked decrease in body solids during the initial 
period on corticotropin, H. C. and W. C. registered 


increases in total solids indicating positive fat or 
protein balance. 

Serial measurements of total body sodium and 
its distribution were performed in three patients, 
T. T., R. F. and H. C. (Tables I, II, and IV). 
Corticotropin induced sodium retention with an 
increase in total body sodium in each patient. 
The sodium distribution measurements indicate 
that all or the greater part of this retained sodium 
became part of the non-extracellular electrolyte. 
A comparison of the control value for non-extra- 
cellular sodium with the first measurement after 
institution of corticotropin therapy showed an 
increase of 180 per cent in T. T., 220 per cent in 
R. F. and 130 per cent in H. C. 

Changes in the amount and distribution of body 
chloride were observed in three patients. Two 
patients, H. C. and T. T. (Tables I, IV) showed a 
pattern for chloride similar to that described for 
sodium. There was retention of chloride, and in- 
crease in non-extracellular chloride after 15 and 
43 days of treatment, respectively. In W. C., the 


TABLE III 
Rheumatoid arthritis 


W.C., 42 years, ACTH dosage = 100 mg./day 


Day of ACTH administration 


Control 


Weight (Kg.) 

Total body water (liters) 

Extracellular water (liters) 

Intracellular water (liters) 

Total body solids (Kg.) 

Total body chloride (mEq.) 

Plasma chloride concentration (mEq./L.) 
Extracellular chloride (mEq.) 
Non-extracellular chloride 


* Determined by D,O Method. Analyses were carried out by Mr. Irving Sucher of Columbia University on the 


mass spectrometer. 
tration of D,O. 


Blood samples were collected till 12 hours after injection for determination of equilibrium concen- 
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53.9 56.0 55.5 60.5 
34.7 38.2 39.5 40.5 
' 13.3 12.4 10.4 11.5 
21.4 25.8 29.1 29.0 
19.2 17.8 16.0 20.0 
2,200. 2,340. 
134. 133. 135. 140. . 
1,780. 1,410. 
420. 930. 
— 5 2 19 
50.2 50.2 53.4 58.6 
29.9 29.5 29.0 33.3° 
. 10.4 12.8 10.7 18.2 : 
19.5 16.7 18.3 15.1 
20.3 20.7 24.4 25.3 
1,730. 1,870. 1,910. 2,530. 
108. 109. 104. 101. : 
1,250. 1,550. 1,240. 2,070. 
480. 320. 670. 460. 
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TABLE IV 


Rheumatic fever and rheumatic heart disease 
H.C., 17 years, ACTH dosage = 100 mg./day 


Day of ACTH administration Control 

Weight (Kg.) 52.7 51.0 50.9 48.7 
Total body water (liters) 32.4 30.3 30.1 yf Be} 
Extracellular water (liters) 10.2 10.4 11.5 10.3 
Intracellular water (liters) 22.2 19.9 18.6 17.2 
Total body solids (Kg.) 20.3 20.7 20.8 21.2 
Total body sodium (mEq.) 1,840. 2,010. 2,120. 1,990. 
Plasma sodium concentration (mEq./L.) 140. 139. 142. 138. 
Extracellular sodium (mEq.) 1,430. 1,450. 1,630. 1,420 
Non-extracellular sodium (mEq.) 410. 560. 490. 570. 
Non-extracellular sodium concen. (mEq./L.) 18. 28 26. 33. 
Total body chloride (mEq.) 590. 1,870. 

Plasma chloride concentration (mEq./L.) 108. 102. 

Extracellular chloride (mEq.) 1,220. 1,300. 
Non-extracellular chloride (mEq.) 370. 570. 


early transient extracellular shift of water and the 
later development of increased extracellular fluid 
volume account for the observed changes in body 
chloride. 

DISCUSSION 


The present studies of some aspects of the 
changes in body composition induced by cortico- 
tropin, as measured by dilution techniques, are in 
substantial agreement with the findings of Bartter 
and his co-workers (2) who applied metabolic bal- 
ance methods to the same problem. The latter 
workers demonstrated the positive sodium and 
chloride balances which may occur and inferred 
that the sodium is retained in large measure as 
intracellular sodium, Our data corroborate this 
positive balance and demonstrate that non-extra- 
cellular sodium and chloride may be greatly in- 
creased in some patients undergoing treatment. 

The data relating to body solids and body water 
distribution indicate a variable response to the 
administration of corticotropin. W. C. and H. C. 
revealed a decrease in intracellular water volume 
which was maintained throughout the period of 
observation (despite the development of extra- 
cellular fluid retention in W. C. after twelve days 
of treatment). Each of these patients also demon- 
strated an increase in extracellular fluid volume 
at a time relatively early in treatment. Both pa- 
tients showed progressive increase in total body 
solids during the course of therapy. 

The body composition changes in T. T. and 
R. F. were in sharp contrast to the changes de- 
scribed in H. C. and W. C. The progressive in- 


crease in total body water in T. T. and R. F. re- 
flected an increase in cell water. The extracellular 
fluid volume which had been initially decreased as 
a result of intracellular water shift was partially 
or completely restored at the time of the last 
measurement. An initial large decrease in total 
body solids occurred and continued for at least 
the first two weeks of treatment. This effect had 
been completely reversed in both patients at the 
time of the last measurement (43 and 34 days) 
when total solids were found to be greater than 
the control value. 

These studies fail to demonstrate a single pat- 
tern of response to corticotropin. There probably 
are numerous biologic variables, known and un- 
known, which determine the clinical and metabolic 
pattern of response in a particular patient. The 
functional state of the adrenal cortex at the time 
corticotropin is administered may be one factor 
of significance in the observed variability of effects 
among individuals. Animal studies by Deane, 
Shaw and Greep (10) and Bacchus (11) have 
demonstrated by cytologic methods that an in- 
crease in the dietary sodium-potassium ratio pro- 
duced evidence of decreased activity in the 
glomerular zone of the cortex, while lowering of 
the ratio produced changes indicative of increased 
activity in this area. Thus the previous level of 
sodiun: intake is probably one element influencing 
the effect of corticotropin. It has been suggested 
that androgenic hormone is derived from the 
reticular zone (12) and corticosteroids from the 
fascicular zone of the cortex (13). Such precise 
division may not be correct, but variables may 
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exist which affect these areas of the cortex dif- 
ferentially, and which obviously cannot be properly 
controlled before they have been defined. The 
observation that the levels of dietary fat and car- 
bohydrate may significantly modify the clinical 
and metabolic effects of corticotropin (14) is 
another indication that the intensity of the adreno- 
corticotropic stimulus is not the only determinant 
of the degree and nature of adrenal cortical ac- 
tivity. The nature and degree of illness as well as 
the impact of corticotropin therapy on the illness 
itself, in contrast to the effect of the hormone on 
water distribution, may also influence the re- 
sponse. 
SUMMARY 


1. Four patients with rheumatic diseases were 
treated with corticotropin for periods ranging be- 
tween nineteen and forty-three days. 

2. Two patients retained water intracellularly 
during the first week of treatment, and simul- 
taneously showed a shift of extracellular water 
into the cells. The decrease in extracellular fluid 
volume was subsequently restored on further 
treatment. In two patients, intracellular water 
was decreased throughout therapy and a transient 
shift of cell water to the extracellular fluid was 
noted early in treatment. One of these patients 
developed a marked increase in extracellular fluid 
volume after two weeks of corticotropin. 

3. Total body solids decreased and then rose 
in two patients, and increased progressively in two 
patients. 

4. Sodium retention was induced in three pa- 
tients as indicated by a rise in total body sodium. 
All or most of this retained sodium became part 
of the non-extracellular electrolyte. 

5. In two of three patients, there was retention 
of chloride mainly as non-extracellular chloride. 
In the third patient, changes in total body chloride 
were consistent with changes in extracellular fluid 
volume. 

6. Under the conditions of these studies, 
markedly different patterns of response to corti- 
cotropin have been observed. 


CASE SUM MARIES 


1. Rheumatoid spondylitis: T. T., a fifteer-year-old 
Chinese boy, had a history of rheumatoid arthritis since 
seven years of age. There had been three exacerbations 
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of the disease during the intervening period. On ad- 
mission to the hospital, he was afebrile. He appeared 
thin but well developed. The erythrocyte sedimentation 
rate was 94 mm. per hour (Westergren method), but 
other routine laboratory tests and electrocardiogram were 
within normal limits. There was tenderness of the knees 
and ankles as well as limitation of hyperextension of the 
hips. X-rays revealed generalized changes of rheumatoid 
arthritis and ankylosing spondylitis. He was treated with 
corticotropin in a dosage of 100 mg. daily for eight weeks 
with lessening of joint pain and inflammation but no 
decrease in deformities. In response to certicotropin 
therapy, the erythrocyte sedimentation rate fell gradually 
to 9 mm. per hour in 45 days. Two eosinophile counts 
were 65 and 38 per mm”. respectively, before treatment ; 
during treatment numerous counts ranged between 12 and 
37 per mm’. 

2. Rheumatic fever: R. F., a fourteen-year-old white 
boy, was admitted to the hospital with a history of fever 
and polyarthritis of two weeks’ duration. The tempera- 
ture was 103.4° F. on admission. He was moderately well 
nourished and well developed. There was no evidence of 
carditis on physical examination. The knees, ankles, and 
feet were swollen and tender. Erythrocyte sedimentation 
rate was 92 mm. per hour, C-reactive protein 4+ and 
antistreptolysin titer 300 and 500. X-ray of the chest was 
within normal limits. Aspirin therapy, which was con- 
tinued for one month, produced an immediate fall in 
temperature and erythrocyte sedimentation rate with re- 
lief of symptoms. Following withdrawal of aspirin, how- 
ever, there was an exacerbation of symptoms. An early 
aortic diastolic murmur was heard for the first time. 
Corticotropin was then administered in a dosage of 100 
mg. daily for 50 days. There was no further polyarthritis 
or fever, and the erythrocyte sedimentation rate fell from 
60 to 20 mm. per hour in the first 3 weeks. The cosino- 
phile count fell from 190 to 42 per mm’. on the second 
day. When corticotropin treatment was halted after 50 
days, there was no relapse. The aortic diastolic murmur 
was not heard after 31 days of corticotropin and did not 
reappear when corticotropin was discontinued. X-rays of 
the chest showed the heart to be of normal size and shape 
at the time of discharge. 

3. Rheumatic fever: H. C., a seventeen-year-old white 
girl, had previous episodes of rheumatic fever at six and 
nine. Two months prior to admission, the patient de- 
veloped migratory arthralgias and continued low grade 
fever. There were no symptoms of diminished cardiac 
reserve. On admission, the temperature was 100.4° F. and 
pulse 120 per minute. Blood pressure was 120/95 mm 
Hg. The heart was not enlarged, but a diastolic rumbling 
murmur was heard at the apex. Except for slight warmth 
in the knees, there were no other findings of significance 
on physical examination. Routine laboratory tests and 
electrocardiogram were within normal limits. Erythro- 
cyte sedimentation rate was 9 mm. per hour. Cortico- 


tropin was injected in a dosage of 100 mg. daily. The 
sedimentation rate remained within normal limits and the 
After 28 


eosinophile count fell from 87 to 9 per mm’. 
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days of treatment the patient had a psychotic episode and 
corticotropin was discontinued two days later. There was 
no evidence of diminished cardiac reserve during the 
period of treatment. 

4. Rheumatoid arthritis: W. C., a forty-two-year-old, 
normotensive, white woman, had a history of increasing 
pain and stiffness in numerous joints over a period of 13 
years. She was afebrile on admission and during the pre- 
treatment period. Significant findings on physical ex- 
amination were confined to the joints. There was slight 
to moderate restriction of movement of the shoulders, 
ankles, elbows, and wrists and small joints of the hand 
with moderate pain on passive motion. Routine labora- 
tory tests and electrocardiogram were normal. The 
erythrocyte sedimentation rate ranged between 33 and 45 
mm. before corticotropin treatment. Corticotropin was 
administered in a dosage of 100 mg. daily. This resulted 
in relief of joint pain and decrease in stiffness. The 
sedimentation rate fell to 25 mm. per hour in eight days 
and the eosinophile count from 87 to 7 per mm*. The 
patient gained 5.2 Kg. between the twelfth and nineteenth 
day of therapy. She became dyspneic and orthopneic. 
Rales were heard at both bases and there was an increase 
in heart size and hilar congestion on X-ray. Venous 
pressure rose to 200 mm. of saline. Following discon- 
tinuation of corticotropin therapy, there was a large 
diuresis with loss of edema and 9.1 Kg. of weight in two 
days. The lungs cleared and dyspnea disappeared. There 
was no relapse of the arthritis during the following eight- 
month period. 
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It is well recognized that both the adrenal 
cortical and posterior pituitary hormones play an 
important part in the regulation of salt and water 
metabolism (1). Antagonistic relations between 
these two hormones have been postulated (2). It 
has also been shown that in the human a reciprocal 
relationship exists between the antidiuretic ac- 
tivity of serum and the corticosteroid of urine (3). 
During diuresis, the antidiuretic activity in serum 
is low and the corticosteroid excretion in urine is 
high, whereas, during water retention, the con- 
verse situation is found. 

Increased amounts of antidiuretic material were 
recovered from patients with active cirrhosis of 
the liver by Ralli, Robson, Clarke, and Hoagland 
(4). In the experimental animal, the liver has 
been found to be the most effective site of inac- 
tivation of the posterior pituitary hormone (5, 6, 
7). It was decided, therefore, to study the effects 
in patients with liver disease of artificially ele- 
vating the levels of circulating antidiuretic material 
by the administration of posterior pituitary ex- 
tract. 

This report is concerned with: a) the changes in 
metabolism of water and sodium resulting from re- 
peated administration of pitressin tannate in oil, 
and b) the relationship between plasma sodium 
and urinary excretion of corticosteroid. The re- 
sponse to exogenous adrenal cortical steroids 
given concomitantly with posterior pituitary ex- 
tract was also studied. 


METHODS 


The studies of the response to pitressin tannate injected 
daily have been carried out on five patients with Laennec’s 
cirrhosis and on five “control” patients recovering from 


1This paper was read in part before the American 
Society for Clinical Investigation in May, 1951. 

2 This work was in part supported by grants from the 
Ciba Company and the Upjohn Company. The pitressin 
tannate used was supplied through the courtesy of Dr. D. 


various diseases, but without evidence of Laennec’s cir- 
rhosis. In addition, one patient (Case 11), a confirmed 
alcoholic with history of phosphorus poisoning as a child, 
but with no laboratory evidence of cirrhosis, was studied. 
He was under treatment for erythromelalgia following 
frost-bite. Further study, reported under Case 11 in the 
Appendix, provided evidence of some degree of adrenal 
insufficiency. For these reasons the patient could be con- 
sidered neither as a control patient nor a patient with 
liver disease. 

All of the cirrhotics had had ascites, but at the time of 
the studies only one patient was in positive water balance. 
The subjects were maintained on a controlled diet of 
known sodium content and five Gm. of salt in solution 
was given in addition each day. Fluid intake was main- 
tained at a constant level for each patient, usually 2,500 
ce. each day. Measurements of weight, urine volume, and 
urine sodium and potassium were made daily. Frequent 
determinations of plasma sodium and potassium were ob- 
tained by means of the flame photometer. Urinary corti- 
costeroid was measured by a method which has been 
previously described (8). The normal values range from 
.200 to .750 mg. of corticosteroid per 24 hours. Pitressin 
tannate was administered intramuscularly in oil in a dose 
of 5 units once daily for approximately the first week of 
the experiment. In several cases, when no effect upon 
water or electrolyte excretion was observed, the dose was 
increased to ten or more units daily in two divided doses. 
When the administration of pitressin tannate had caused 
significant water retention and depletion of plasma sodium 
levels, adrenal cortical extract, t.e., lipo-adrenal cortex 
(Upjohn) intramuscularly, aqueous cortical extract (Up- 
john) intravenously, was given while the pitressin tannate 
injections were continued. The course in each patient is 
reported separately in the Appendix. 


RESULTS 


The Effect of Continued Administration of Pi- 
tressin Tannate upon Water and Sodium Bal- 
ance 


Injection of pitressin tannate resulted in weight 
gain from water retention in all patients, but of 
varying degree. 


A. McGinty of Parke, Davis & Company. The adrenal 
cortical extract and lipo-adrenal cortex was supplied by 
Dr. H. F. Hailman of the Upjohn Company. 
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For the purpose of comparison, Cases 1-5 (see 
Appendix ) are reported together as control patients 
and Cases 6-10 are reported as cirrhotic patients. 
Case 11 is reported separately. 

Figure 1 records the weight changes of the 
cirrhotic and control patients up through the 
seventh day of the study (fourth day of pitressin 
administration). Both groups received 5 units of 
pitression tannate in oil intramuscularly daily. 
After the seventh day of the study, the sensitivity 
responses were not entirely comparable since pi- 
tressin dosage was increased in several cases. 
Some subjects were given adrenal cortical hor- 
mone after this date and were, therefore, not in- 
cluded in the graph after such administration. 

By the fourth day of the administration of five 
units of pitressin tannate daily intramuscularly, the 
cirrhotic group had an average weight gain of 6.4 
Ibs., a maximum of 13 Ibs. Control subjects 
gained an average of 2.9 lbs. The maximum was 
7 Ibs. of fluid retained. There is considerable 
spread in the weight gains recorded for individual 
subjects. The one cirrhotic who did not gain 
weight failed to do so because of severe vomiting. 


WEIGHT GAIN DURING ADMINISTRATION 
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PLASMA SODIUM CHANGE DURING DAILY 
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The remaining cirrhotics all gained more than five 
pounds and the amount of fluid lost as vomitus by 
the fifth cirrhotic was considerably more than five 
pounds. One of the control subjects had a weight 
gain comparable to the average of the cirrhotics. 
None of the remaining control patients gained 
more than three pounds of weight. For these rea- 
sons, it is felt that although the groups are too 
small to permit positive proof of statistical signifi- 
cance of the differences in the groups, the data 
suggest a definite trend for the cirrhotic group to 
gain more weight than the control group. 
Continued administration of pitressin tannate 
also produced a decrease in plasma sodium in 
both groups. Figure 2 compares the degree of 
response in the two groups during this part of 
the study. The cirrhotic patients responded with 
a dramatic drop in plasma sodium levels ranging 
between 17 and 25 mEq. per liter. Only one 
control patient (Case 5) evidenced a comparable 
plasma sodium decrease. The remaining four 
control subjects responded with only a moderate 
hyponatremia of 2 to 10 mEq. per liter. The 
plasma sodium levels could not be well correlated 
with water retention and weight gain in all in- 
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ALTERATIONS IN PLASMA SopIUM AND URINARY CortTI- 


COSTEROID LEVELS OccURRING DuRING ADMINISTRATION OF PITRESSIN TANNATE 


AND ADRENAL CorTICAL EXTRACT 


dividuals, In the control group, Case 5, who re- 
sponded after six days of 5 units of pitressin daily 
with a precipitous drop in the plasma sodium level 
from 142 to 117 mEq. per liter, retained only 2.8 
lbs. of fluid. Meanwhile, the patient who gained 
the most weight in the control group (Case 2), 
showed only a moderate hyponatremia. Similarly, 
in the cirrhotic group, Case 10, whose plasma 
sodium level fell from 133 to 108 mEq. per liter, 
retained only 2 lbs. of fluid. This patient, how- 
ever, lost considerable fluid through vomiting. In 
most of the patients with cirrhosis an antidiuresis 
with increasing edema and ascites was associated 
with a progressive drop in plasma sodium levels. 

Case 11 is reported separately for reasons de- 
scribed under Methods. Figures 3 and 4 record 
the response of this patient following pitressin 
tannate administration. Within four days, the 
plasma sodium level fell from 139 to 120 mEq. 
per liter and body weight increased from 109 to 
116 Ibs. 


The Effect of Continued Administration of Pi- 
tressin Tannate on Urinary Corticosteroid 


The excretion of corticosteroid has been studied 
during daily pitressin tannate administration in 


seven subjects; three with diagnoses of Laennec’s 
cirrhosis, one with chronic alcoholism, and three 
with no evidence of liver disease. All determina- 
tions of corticosteroid excretion in the urine were 
within the normal range during the control period 
except in two individuals with cirrhosis whose 
corticosteroid excretions were .95 mg. per 24 hrs. 
and .81 mg. per 24 hrs., respectively. 

No appreciable increase in urinary corticos- 
teroid was observed in any subject until a signifi- 
cant decrease in plasma sodium had occurred. 
During the time that the plasma sodium was main- 
tained at a low level with the continued administra- 
tion of pitressin tannate, the urinary corticosteroid 
usually remained above the control levels. Fig- 
ure 5 illustrates that during the continued ad- 
ministration of pitressin tannate to a normal sub- 
ject who had little change in plasma sodium, 
there was no increase in urinary corticosteroids. 
Figure 6 illustrates that when pitressin tannate 
produced a striking depression of serum sodium 
in the cirrhotic, there was a concomitant increase 
in corticosteroid. 

Chromatographic fractionation of corticoster- 
oids excreted by one of these patients, Case 10, has 
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demonstrated an alpha-ketol which moves more 
rapidly than desoxycorticosterone, and which 
forms formaldehyde upon oxidation with periodic 
acid. Based on the rate of fiow, it seems probable 
that this material contains three oxygens. No 
further identification has as yet been possible. 
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The Effects of Exogenous Adrenal Steroids on 
Water and Electrolyte Disturbances Caused by 
the Continued Administration of Posterior 
Pituitary Extract 


Two patients from the control group, five pa- 
tients with cirrhosis and Case 11 received adrenal 
cortical extract during the course of pitressin 
tannate administration. Adrenal cortical extract 
appeared to promote salt retention in two controls 
(Cases 2 and 3) when the pitressin dosage was 
maintained at 5 units per day, but no effect was 
apparent in Case 3 after pitressin dosage had been 
increased to 15 units per day. 

Adrenal cortical extract was administered for 
a total of 17 experimental days in the cirrhotic 
group. It is worth noting that the urine volume 
and sodium excretion varied considerably from 
day to day, making it difficult to assess the effects 
of adrenal cortical extract. Furthermore, when 
antidiuresis was very pronounced, the urine 
sodium content was markedly reduced secondary 
to oliguria (see Case 9). On only two of the 17 
experimental days (Day 20, Case 6; Day 17, Case 
10) did a sodium retention result which might 
be ascribed to the effects of adrenal cortical ex- 
tract. Adrenal cortical extract failed to promote 
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an obvious diuresis in either the control or the 
cirrhotic patients. In Case 7, however, the de- 
gree of water retention and weight gain was less 
after adrenal cortical extract, and in Case 10 a 
definite weight loss. occurred concomitantly. 

The hyponatremia resulting from pitressin tan- 
nate administration was improved in only one pa- 
tient (Case 10). 

In Case 11, pitressin tannate administration pro- 
moted an antidiuresis and natriuresis, both of 
which were reversed with adrenal cortical extract. 
Antidiuresis returned as pitressin was continued 
and was again reversed with adrenal cortical ex- 
tract, although there was little immediate effect 
upon sodium excretion. The hyponatremia re- 
sulting from pitressin tannate tended to be cor- 
rected also, 


DISCUSSION 


These experiments have raised the following 
points for discussion: The tolerance of patients 
with liver disease to pitressin; the causes of the 
resulting hyponatremia; the effects of pitressin 
administration upon adrenal cortical function ; and 
the reversal of the effects of pitressin by adrenal 
cortical extract. 
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White, Rubin, and Leiter (9), and Nelson and 
Welt (10) have found that when relatively small 
doses of pitressin are given in an acute experi- 
ment, no difference in effect is found, and they 
concluded that the patient with cirrhosis can 
inactivate physiological doses of pitressin as well 
as the normal. Our preliminary experiments with 
small amounts of aqueous pitressin yielded the 
same result. 

It seems probable that extrahepatic sites of pi- 
tressin inactivation are capable of removing the 
antidiuretic activity present in small amounts of 
pitressin given either intravenously or sub- 
cutaneously. Fairly large doses of pitressin are 
required to demonstrate a defect in hepatic inacti- 
vation. Eversole, Birnie, and Gaunt (6) found it 
necessary to give a dose of 40 milliunits of pitres- 
sin to 200 Gm. rats in order to demonstrate dif- 
ferences in effectiveness of the intrasplenic or 
subcutaneous routes. This dose is approximately 
fifteen times the amount of pitressin required to 
produce a state of antidiuresis. Heller (11) has 


found that rabbit blood is capable of inactivating 
several milliunits of pitressin per cc. of blood and 
believes that this inactivation actually represents a 
loose combination with protein. 
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Eversole, and Gaunt (12) have found that rat 
serum is capable of destroying the antidiuretic ac- 
tivity in pitressin and a few preliminary studies in 
our laboratory indicate that human blood has the 
same property. 

The data of these experiments suggest that by 
taking advantage of a possible accumulative effect, 
differences in rate of inactivation of pitressin by 
patients with and without liver disease can be 
shown. Although the liver is the most active 
single tissue in pitressin inactivation, it is only one 
of many mechanisms which remove antidiuretic 
activity from blood. Therefore, even if the hepatic 
inactivating mechanisms are strikingly less ef- 
ficient than normal, the total overall ability of the 
body to inactivate pitressin may not be very greatly 
decreased and the defect is made apparent only 
when large amounts of pitressin are administered 
over a period of several days. 

Animal experiments by Loewy and Lloyd (13) 
have compared the effectiveness of pitressin tan- 
nate given to normal rats and to rats with fatty 
livers produced by diet low in protein and high 
in fat. The fatty livers were capable of inac- 
tivating in vitro only one-third of the antidiuretic 
activity of an amount of pitressin which normal 
liver could completely destroy. These findings 
agree with those of Birnie, Blackmore, and Heller 
(14), who reported that a low protein diet greatly 
decreases the pitressin inactivating ability of the 
mouse liver in vitro. 

The relatively minor differences in the response 
between the cirrhotic and the normal group in this 
study and the complete absence of differences 
between cirrhotics and normals when pitressin is 
given intravenously suggest that hepatic inactiva- 
tion of posterior pituitary hormone probably plays 
relatively little part in removal of antidiuretic ac- 
tivity from blood under normal physiological con- 
ditions and that failure of this process may very 
well have only minor importance in the production 
of ascites. 

Bartter (15), in discussing an experiment 
carried out in collaboration with Leaf, has pointed 
out that the normal individual may be quite sensi- 
tive to pitressin tannate with rather striking water 
retention. Our experiences are certainly in agree- 
ment. There is no question that certain normal 
subjects have considerable antidiuresis as a result 
of pitressin tannate administration, but the degree 


of antidiuresis is usually not as marked as in the 
cirrhotic and frequently, relatively little effect is 
apparent. 

The natriuretic and antidiuretic effects of excg- 
enous pitressin could be minimized presumably 
by various hormonal and physiologic mech- 
anisms within the body. If this were so, abrupt 
withdrawal of exogenous pitressin would be ex- 
pected to lead to sudden and profound diuresis 
with rapid return of the plasma sodium level to 
initial levels. This occurred in eight of the ten 
patients followed. The effects of withdrawal of 
pitressin were far more obvious than the slow ac- 
cumulative effects of pitressin administration. 
The pattern of changes resulting from pitressin 
administration suggested by these studies are sup- 
ported, therefore, by the dramatic reversal of 
effects on discontinuing pitressin tannate. 

The effect of prolonged administration of pi- 
tressin tannate on the plasma sodium could be 
mediated in three possible ways. A natriuresis 
frequently occurred following administration of 
pitressin tannate in oil. Other investigators, who 
have studied the excretion of sodium following the 
administration of aqueous extract of pitressin have 
been unable to demonstrate a natriuresis in the 
acute experiment. By the methods used in this 
study, however, an increased loss of sodium in the 
urine occurred in four patients, (Cases 5, 6,7, 10). 
Equally significant was the acute retention of 
sodium when pitressin tannate was abruptly with- 
drawn. 

The second way in which the plasma sodium 
might be depressed is by dilution with retained 
water. In some patients, this could account for 
most or all of the decrease in plasma sodium, since 
as much as ten liters of fluid were retained. It is 
difficult to account for the decrease in plasma 
sodium in other patients, however, by either an 
increased sodium excretion or by simple dilution 
with retained water. A third mechanism must 
be considered, that is, a redistribution of sodium 
from an extracellular to an intracellular position. 
The suggestion that this may occur has also been 
made by White, Rubin, and Leiter (9). Pitressin 
causes a shift of sodium into tissue from plasma in 
guinea pigs (16). Keutmann (17) has been able 
to demonstrate an increased intracellular sodium 
concentration in several patients with edema oc- 
curring as a result of heart failure. Whether such 
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an intracellular shift of sodium in the series here 
presented might have occurred in response to 
pitressin administration, or whether it might have 
been mediated through an increased amount of 
circulating adrenal steroids containing three oxy- 
gens, is as yet undetermined. The latter possi- 
bility must be considered since suggestive evi- 
dence has been presented that an increased amount 
of a three oxygen containing steroid was present 
in the urine of one patient, and it has been shown 
that desoxycorticosterone is capable of causing a 
shift of extracellular sodium into the cell (18). If 
the alpha-ketol demonstrated in the urine of one 
patient in this series had physiological activity 
similar to desoxycorticosterone, it might have been 
responsible for such a shift. However, the only 
time that the three oxygen containing steroid was 
found in these patients was when the plasma 
sodium level was already at a low level, so that it 
now seems more likely that the hyponatremia 
might very well be the stimulus which caused the 
appearance of the three oxygen containing ster- 
oids. A shift of sodium to the intracellular posi- 
tion would seem to be a direct pitressin action 
since this shift has been reported to occur (9) 


during the acute administration of sma!l amounts 
of pitressin. 

The lack of direct effect of pitressin tannate ad- 
ministration on adrenal cortical steroid excretion 
is apparent. Only when the plasma sodium is de- 
pressed to a level which is associated with signs of 
the low salt syndrome could an increased amount 


of steroid be discovered in the urine. The failure 
to find an increased amount of steroid does not 
mean, of course, that the gland itself is not pro- 
ducing more, since it is easily possible that the 
increased output of the gland might be balanced by 
increased utilization with the result that no ad- 
ditional hormone was available for wasting in the 
urine. However, the studies of Nagareda and 
Gaunt (19) have shown that pitressin in physio- 
logical amounts does not cause a change in adrenal 
ascorbic acid, Studies on the urinary corticoster- 
oid and serum antidiuretic levels during water 
diuresis have shown that a reciprocity exists and 
that the antidiuretic activity decreases and the 
corticosteroid level increases during water di- 
uresis. Since this reciprocity is not a direct one, 
the hypothesis has been made that a response to 
a common stimulus (hypotonicity) decreases se- 
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cretion of posterior lobe hormone and increases 
secretion of adrenal cortical steroids. 

The increased level of adrenal cortical steroids 
in diuresis, and the known opposing effects of 
adrenal steroids and pitressin, constituted the 
rationale for administration of adrenal cortical ex- 
tract concomitantly with pitressin tannate. Only 
in Case 11 in whom there was some clinical evi- 
dence of adrenal insufficiency, did adrenal cortical 
extract produce an obvious diuresis with retention 
of sodium. In several of the remaining cases, an 
apparent retention of sodium occurred on some 
occasions, but without obvious diuresis. The fail- 
ure to produce this effect more frequently may be 
the result of an inadequate dosage. No attempts 
to reproduce these experiments using cortisone or 
17-hydroxycortisone have been made. 


SUMMARY 


1. Pitressin tannate in oil was given by intra- 
muscular injection daily to five patients with cir- 
rhosis of the liver and to five “control” patients. 
One patient, a chronic alcoholic with evidence of 
poor adrenal function, was also studied. 

2. Administration of pitressin tannate in oil can 
produce hyponatremia and antidiuresis in both 
the control and the cirrhotic patients. These ef- 
fects are greater in the cirrhotic, and frequently 
lead to a stage of progressive hyponatremia and 
edema. 

3. The opposite effect, profound diuresis and 
return of plasma sodium towards normal, occurs 
promptly when exogenous pitressin is withdrawn. 

4. Pitressin administration lowers plasma so- 
dium levels by at least two mechanisms: Anti- 
diuresis with dilution of extracellular sodium by 
retained water; and a direct natriuresis. A third 
mechanism must be considered: A shift of sodium 
from the extracellular to the intracellular space. 

5. Urinary excretion of corticosteroid increases 
when plasma sodium concentration falls to low 
levels, but does not increase as a result of pitressin 
administration per se. 

6. Adrenal cortical extract produced an ob- 
vious diuresis and retention of sodium in only one 
patient who had developed water retention and 
hyponatremia as a result of pitressin tannate ad- 
ministration. In several other patients an ap- 
parent retention of sodium occurred on occasion 
without obvious diuresis. 


| | 
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APPENDIX 


37 year-old white male. [iagnoeis - myeloradiculopathy, achlorhydrie, Mo history of liver disedse or alcoholism. 


Dey Pit- Adrenal 


Urinary 
ressin Cortical Urine Cortico- — Plasma Sodium Remarks 
teanmte Extract Weight Vol. 


Steroid K Intake 
unite/day hrs. cc./2, bre. mEq. bre. brs. mg./2, bre, mEq. mEq./1. mB&q./2, bre. 


0.54 139 4.3 116 Showed no 
0.42 evidence 
0.32 1” 4.2 of edema 


at any 
time. 
19 4.1 


Case I—M. C. 


6 year-old white male. Diagnosis - migrating thrombophlebitis. Denies alcoholiam or history of liver disease. Liver 
not palpable. Liver function tests normal. 


Day Pit- Adrenal Urinary Remarke 
ressin Cortical Urine Urine Urine Cortico- = — Sodium 
tannate Extract ‘ Vol. Na K Steroid Inteke 
units/day cc./2 hrs. cc./2, bre. mBy./24 hrs, mEq./24 brs. mg./2, hrs. mEq. ata. /\. mEq./24 brs. 


2200 0.54 Actual salt 
0.3% intake 
unknown. 


No 
apparent 
edema at 
any tine. 


*L Lipo-adrenal cortex 


A Aqueous adrena) cortex 


Case II—J. W. 


892 
RY 
1 19 1630 163 67 
2 19 1260 86 53 

’ 3 19 1750 70 66 
5 5u 139.5 1255 3 
é 72 

> 5u 4 1525 130 12% 

Su ” 1285 100 48 0.47 

8 140.5 2050 142 &% 0.50 

: 9 lou 19 1520 103 

~ 60 0.30 
20u 495 al 6 

20u 13 1000 
12 138 2070 0,36 136 4.7 
20u 138 1000 108 a 0.35 
20u 140 885 130 61 0.21 137 3.8 
15 ls 125 65 
3 7 136.5 5200 a 14 
< 1 153.8 
2 155 
3 154.3 
4 154 780 102 57 43 3.7 90 
5 bu 157.8 2720 98 59 138 
6 Su 157.5 790 42 45 bob 
= 7 5u 156.5 960 13% 56 0.73 
sy 161 2270 56 0.59 

9 160 1560 123 53 0.70 133 5.2 
10 Su 160.8 1920 101 50 
ae ll Su 160.5 1605 ug 72 
12 10L® 10A 162.8 2100 85 32 135 4.7 { 
13) 161.3 2580 193 56 130 4.5 
a. 
u 161 3790 13 52 
15 155.5 142 4.2 


PITRESSIN TOLERANCE IN HUMANS 


22 year-old white male. Recovered from mild hepatitis with jaundice, Denies alcoholism. Liver not enlarged. Cephalin 
flocculation trace. Bromsulphathalein retént{oa (5 ng/kg. } Of at 60 mins. Albumin 5.1 globulin 2.5 
Eosinophil response to adrenalin: basal 122/am’, 4 hrs 57/am?, Urinary 17-ketosteroid excretion 15 mg./24 hrs. Diet 
high in potessium dus to protinal and fresh fruit supplement. 


Day Pit- Adrenal Urinary Remarks 
ressin Cortical Urine frine Urine Cortico- Plasma Plasma Sodiu 
tannate Extract deight Vol. K Steroid N K Intake 


Na 
units/day cc./2L hres. lbs. cc./2, brs. a£q./2 bre. m&q./2% hrs. mg./24 bre. miq./l. méq./26 hres. 


106 No edena 
or 
ascites 


10L - 10A® 
- 23A 


NPA 


*L= Lipo-edrenal cortex 
A* Aqueous adrenal cortex 


Case III—S. S. 


33 year-old Negro mile. Recovered from lotar pneumonia. Denies alcoholism. No evidence of liver disease. House 
diet. Fluids ad lib. Urine not collected. 


Day Pit- Adrenal Urinary Remarks 
ressin Cortical Ur: Urine Urine Cortico- Plasma Plasma Sodium 
tannate Extract Na k Steroid Na Intake 
unites/day cc./2% hrs. lbs. cc./2, hrs. brs. hrs. mg./2. bre. mEq./l. mEq./l. 24 hrs. 


Approx. No edema 
190 at any 
time 
during 
study. 


Case IV—-J. S. 


893 
164.5 2500 ng 118 
165 1920 119 93 
164 1300 33 100 
164 1540 22 121 : 
5u 164 1200 113 
Su 166.3 2060 113 
Su 166.3 2320 122 102 
Su 167 960 0 
Su 167 1920 65 120 137 4.5 
5u 167 2680 60 
Su 167 1320 27 10 
13 Su 166 2080 92 
169.5 1380 152 135 4.0 
15 10u 171.5 2320 58 157 4.0 
16 10u 170 1380 66 130 = 
1? 15u 170 1160 64 149 3 3.8 
18 15u 1460 166 10k 
19 10L = 208-177 1100 
15L = 20A 181 1140 0 
173 2190 159 117 
68 128 4.3 
167.8 138 
a 150 142 5.2 
2 Su 150 142 5.1 
es 150 145 5.0 
2 150 139 4.5 
5 152 136 5.3 
6 152 134 1.5 
5u 153.5 133 
j 8 Su 152.5 133 
9 152 3.8 
10 151.5 4.3 
u 152 lal . 
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56 year-old white woman. Diagnosis - nevrasthenis. EEG suggestive of epilepsy. History of repsated trauma to head. 
Denies alcoholism or liver disease. Sromsulphathalein retention (5 mg./Kg.) OP at 45 mins. = flocculation 2, 
repeat trace. Albumin 4.3 globulin 2.1 Eosinophil response to adrenalin; basal 460/sm’, 4 hrs. 133/m-. 
Urinary 17-ketosteroid excretion 3.8 mg./24 hre. 


Urinary Xemarks 
Urine Urine Urine Corticoe Plasma Plasma Sodium 
Weight Vol. Na K Steroid Na k Intake 
units/day cc./24 hrs. lbs. ce./24 hrs, mEq. /24 hrs. mEq./24 hrs. mg./24 hrs. mEq. mEq./1. mEq./24 hrs. 


41 0.42 140 4.6 116 No edema, ascites 
74 0.52 
Abd. circ. 344". 


Vomitted 1200 ce. 
Abd. cire. 37", ankle 
edema 14. 


Abd. circ. 38", ankle 
edema cleared 

32 
55 


BE 


Abd. circ. 34" 


weet 

FL 


Case V—G. H. 


45 year-old white mle. Di is - Laennec's cirrhosis. History of prolonged alcoholism, Liver and spleen enlarged. 
Bromsulphathalein retention (5 mg./kg.), 19% at 45 mins, Cephalin flocculation 4f, Albumin 3.3 gm.%, globulin 4.3 gm.f. 
Eosinophil response to adrenalin: basal 230/mm?, 4 brs, 124/mm), 


Remarks 


Urinary 
Urine Urine Urine Cortico= Plasma Plasma Sodium 
Vol. Ne K Steroid Ne K Intake 
wnits/day cc./24 bre. lbs. cc./2 hrs. hres, bre. mg./2, hrs. mEq./l. mEq. /l. mBq./% bre. 


Extract Weight 


1% 3.8 109 No evidence 
of edema or 


ascites 


A™Aqueous adrenal cortex 
Case VI—C. C. 


894 

& 129 1732 125 
aa 129.8 230 167 

J 129.8 2558 123 

1301440 147 

1 158 2720 126 61 

ar 158 2000 93 65 

3 Su 158 1620 1 

ae 4 Su 160 14,20 135 50 131 4.3 

ie ; 5u 163.3 2100 192 60 128 4.3 
Su 161 1780 107 63 
10u 162 1720 52 121 4.3 
10u 162.5 1920 61 68 119 3.9 24 ankle 

163.8 24,80 67 62 119 edema. 

af 10u 163.5 2600 a] 50 123 3.8 Ankle edema 
4240 12 56 12 clearing. 

158.3 2900 a0 135 3.8 

158.5 2560 56 60 
158.5 2400 78 62 1% 4.1 

158.5 1910 1377 63 1% 3.9 
su 159.5 1755 156 63 

19 Su 160.3 2160 26 63 12 3.5 , 
160.5 1465 ” 75 12 

Su 10L-204 161 2140 93 128 3.8 
2 161 1700 % 46 12% 3.6 3 
Su 160 2218 57 128 364 

162.5 1% 3.6 Transferred 
fron 

*L#Lipo-adrenal cortex hospital. 


PITRESSIN TOLERANCE IN HUMANS 


42 year-old white female, Diagnosis - Laennec's cirrhosis, History of alcoholism. Liver and spleen enlarged. Bromsul- 
phavhalein retention (5 mg./kg.) 28% in 45 mins., cephalin flocculation 1/, Albumin 3,6 gm.f, globulin 2.0 gm.%, Liver 
biopsy showed marked fatty metamorphosis, Eosinophil response to ACTH: basel 24/m/’, 4 bre. 118/m. 


Urinary Remarks 
Urine Urine Urine Cortico- Plasme Plasma Sodium 
Weight Vol. Na k Steroid Ne K Intake 
units/day cc./2, brs. bs, cc./2% hrs. mEq./2 hrs. miq./2, hrs. mg./2% bre. nEq./l. mEq./l. 


2440 0.81 116 No ankle 


13 edera or 
aso > 0.80 ascites. 
Abd. circ. 


434". 


5425 
182.3 
177.8 
*L = Lipe-adrenal cortex 
A ® Aqwous adrenal cortex 


Case VII—N. K. 


39 year old white female. Diagnosis - Laennec's cirrhosis. History of chronic alcoholism. Liver enlarged, tender. 
Two previous paracenteses, Bromsulphathalein retention (5 mg./kg) 14% at 45 mins. Cephalin, flocculation Albumin 
3.0 gm.%, globulin 3.6 gm.%, Eosinophil response to adrenalin: basal 744/mm’, 4 hrs. 600/m”. Urinary 17-ketosteroid 
excretion 1,3 mg./24 hrs. 


Day Pit- Adrenal Urinary Remarks 
ressin Cortical Urine Urine Urine Cortico- Plasma Plasma Sodiun 
tannate Extract Weight Vol. Na K Steroid Ne K Intake 
units/day cc./2, hrs. lbs. cc./2% hrs. m&q./2% hrs, mEq./24 hrs. mg./2i hrs, m&q./l. mEq./l. mEq./24hre. 


lll 1330 2 % 109 Ascites minimal 
110.3 1420 a 62 Noankle, sacral 
edema 


8 


110.5 690 


110.8 


Increasing ascites 
Ankle edema 24 
Ankle and sacra) 
edema 
Marked ascites 
(Hemorrhage from 
bowel, Trans- 
fusions 
blood ) 


Ceanover 


— 
ww 


ne 


o> 


Abd. paracentesis. 


woe 


wwoocow 


*LeLipo-adrenal cortex **Wte. before te 
ore and after abdominal paracentesis 


Case VIII—M. P. 


895 
| 
‘ 1 176 
y 2 176 : 
4 175.5 
| 
— 176.5 465 92 43 19 bed 
6 Su 180 547 93 30 0.38 Abd. Circ. 
18% 600 13 40 0.55 129 3.8 434" 
& 187.5 465 95 2 12 ba Abd. etre, 46” 
9 5u 20L-20A® 189 1170 175 1.02 116 4.3 edema 
10 5u 20L=20A 188.5 1040 92 55 6.1 Abd. cire. 44" 
= ms = 0.97 
12 Su 91. 1 45 34 ank elena 
191.3 95 0.68 12 4.7 Abd, cire. 
48". 
u 83 54 1.30 no 5.2 Pace puffy 
15 76 52 12 hob Edema cleared 
16 Abd, cire. 
42° 
= 15 
u (355 10 10 4.5 
u 113.8 275 7 20 
u 117 430 7 22 132 3.5 
u 120 1940 8 2 
u 117.5 880 20 33 1a 
u 120.8 410 . 23 126 4.3 
u 12%.8 345 3 15 
u 10L* 127 410 1.3 u 122 Lub 
u 10L - 2a® 129 315 23 xu 1a 3.6 
wi 5u 133.3** 410 18 120 4.0 
16 119.5 3280 25 128 3.7 
17 116 1960 15 129 3.7 
18 114.8 900 7 
19 114.5 59 
20 115 1120 16 131 2.5 
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7% year 014 white woman. Diegnosis-Laennec's cirrbosie. Denies history of eleoholism or hepatitis. History of recent 
free phageal varices. Liver and epleen enlerged. Bromsulphathalein retention (5 mg./kg.) 208 at 45 mine. 
Cephalin flocculation 34. Albumin 3.3 gm.f, globulin 3.3 gm.f. Fluid intake ad lib. 


Adrenal Urinary 
Teesin Urine Urine Urine Cortico- Plasme 
tannate Vol. Ne Steroi4 
wnite/deay ec./2% hre. ibe. ec./24 afq./% hre. mg./2% hrs. afq./l. 


61 No evidence of edema 


133 
132 


Cavell 


Apathetic 
edeme 


~ 
eecececcec 


Besilar reles 
Ankle and secre) 
Edema cleared 


SSSIESE 


Vomiting clear fluid 
Severe precordial pa 
EKG negative 


Grose henatenesis, 
shock received 200 cc, 
whole blood. 


a 
22 
2 
2 
28 
32 
” 
40 
42 


*L® Lipo-edrenal cortex 
Aw Aqueous etrenal cortex 


Case IX—E. M. 


896 
Romrke 
4 
124.8 1420 23 
: 1235 n 51 
123.5 2285 53 63 
1918 41 4.3 
123 300 7 
1430 132 64 
pe 126 90 6 20 
128.5 370 49 70 
127 2000 91 “6 
1420 
128 ms % ” 118 43 208 
156 65 11 4.1 168 
17-208 132.8 495 a 4.0 199 
134.5 4520 1a. 52 117 3.9 156 
1%.3 2 132 3.6 156 
126.5 as 133 190 
2860 170 1% 
125.5 2440 162 55 
1%.8 159 $3 134 4.0 
eu 12%.6 1860 110 $1 
10 1% 780 al 1304.0 
10u 1%.3 in 53 ng 
125.8 45% 16 
122 1790 62 52 
12 1680 78 28 
123 zno 1% 6 
ee 122 2570 132 se 
123.5 1940 % 50 
123 2305 118 
ee 123 2590 159 60 
ty 123 2000 109 “5 138 bub 
10 123 210 152 70 
123 1650 109 
125.3 950 40 
10u 20L* 128.5 1340 190 45 
10u 130.3 1050 73 4) 118 4.0 
10 u 128 480 22 19 119° 
10 u 20L-- 3.08 128.5 1310 1% 13 364 
10 128.3 3060 67 an 183.2 
10 u 123.5 1180 “9 2 12 3.9 Unknown 
4s uss 17 12 
be 


PITRESSIN TOLERANCE IN HUMANS 


46 year old Negress. Dtagnosis-Laennec's cirrhosis. Prolo: 

mged alcoholism. Liver mich enlarged and tender. 3romsulpha- 
thalein retention (5 mg/kg.) 40 at 45 mins. Cephalin flocculation 14. Albumin 3.6 ga.%, globulin 3.6 gn.b. Given 500 al. 
10% dextrose in water, 500 ml. 10% dextrose in saline, and 1900 ml. ammosol in 5% dextrose intravenously daily, plus oral 
feeding of special formla containing 30 mBq. Nad. Patient unable to take regular diet or fruit juice mixture. Periods 
of vomiting during the study. 


Pit- Adrenal Urinary Remarke 
Tessin Cortical Urine Urine Urine Cortico- Plasma Plasma Sodium 

tennate Extract Weight Vol. Na Steroid Ra Intake 

wunits/day cc./2i bre. cc./2i hrs. brs. wEq./2. hrs. mg./24 hre. mEq./l. bre. 


Day 


1 ue 2135 95 41 0.58 133 3.9 108 No ankle e ema 

2 1938 82 46 0.73 133 4.0 or ascites 

3 116 1812 34 41 0.95 Abd, circ. 37 in. 
4 5.u 2615 93 51 1m 3.4 

5 5 116 1695 95 38 0.71 

6 5.u 116.8 1439 59 Zz 133 3.8 

7 5u 116 1460 85 x” 0.47 Abd. circ. 33 Yein 
8 117 1350 120 40 3.9 

9 10u 119.8 265 165 41 

10 #10u 120 1949 158 47 12% 3.6 

120 41 49 

12) 120 1820 95 52 

Atd, circ. 39 in, 


Diffuse joint 


tenderness 
1% 116 2430 83 32 Ankle edema, 
fingers puffy 
17 1u 116 Dull, apathetic 


Generalized 
convulsions 


Convulsions 
1720 42 Abd, circ, 34 in. 
Abd. circ. 35%, in 


*L Lipo-eadrenal cortex 
4 * Aqueous adrenal cortex 


Case X—C, M. 


59 year old white male, Diagnosis-erythromelalgia, phosphorus poisoning as a child, Chronic alcoholic. Liver not 
enlarged. Bromsulphathalein retention (5 mg./kg.) Of at 45 mins. Albumin 4.9 gm.%, globulin 2.0 gm.%. Cephalin floc~ 
culation lf, Urinary 17-ketosteroid —— 4 mg./2h bre. Glucose tolerance curve flat. Eosinophil response to 
adrenalin: basal 88/mm’, 4 hre. 105/mm’. 


Day Pit- Adrenal Urinary Remarks 
ressin Cortical Urine Urine Urine Cortico- Plasma Plasma Sodium 
tannate Extract Weight Vol. Me Steroid Me Intake 
unite/day ec./24 hre. lbs. cc./24 hrs. bre. m&q./24 bre. mg./24 bre. mEq./l. m&q./l. akq./2% hre. 
1 109 1355 49 25 0.43 90s «A ankle = with 
2 109 1690 62 20 0.32 19 3.9 
3 109 120 6 25 0.33 
4 5a 109 590 # % 19 4.0 
5 sa 111.8 1385 19 38 
6 5u 13 1200 139 43 0.52 19 3.9 
P| Su 115.5 1395 181 64 0,82 118 43 34 leg edema 
8 5u 10L-20A* 116 2510 35 70 1.56 120, 4.2 Face puffy 
9 5u 10L-20A 116 2300 5 2 0. 123 4.5 
10 5u 107 460 5 18 0.18 130 4.3 kdema cleared 
$5u 13 850 39 12543 
120 113.5 1250 33 12 «05.9 Edema recurring 
a 3 5u 2250 x” 25 0.62 126 4.6 
4 5u 109 620 51 17 0.52 
5 u 10L lll 3575 91 33 1.09 
5u 6 
5 


*L2=Lipo-adrenal cortez 
A==Aqueous adrenal cortex 


Case XI—J. M 


897 
15 10u 115.5 20% 52 1.09 
19° 5 10L=20a no 1730 51 23 1.50 1320 
20 
a 
2 
18 4 1890 54 18 Edema recurring 
19 110 223 22 20 0.69 Edema cleared 
20 no 220 49 42 1350 
al 110 1620 49 2 0.49 
22 138 


898 
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NUTRITIVE ADEQUACY AND CLINICAL TOLERANCE 
OF MODIFIED HUMAN GLOBIN! 


By GEORGE J. GABUZDA, Jr.,2 GERALD B. PHILLIPS, AND 
CHARLES S. DAVIDSON 


(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services {Harvard}, 
Boston City Hospital, and the Department of Medicine, 
Harvard Medical School, Boston, Mass.) 


(Submitted for publication Oct. 27, 1952; accepted May 22, 1953) 


The production of plasma and its fractions from 
whole blood has led to investigations of the use- 
fulness of the red cell residues. Globin, the pro- 
tein moiety of hemoglobin, can be obtained in 
quantity from the red blood cells remaining after 
the plasma has been removed. Modification * (1) 
of this protein renders it suitable for intravenous 
use. Previous studies suggest that this material 
may have osmotic properties useful in treating 
shock and may be a source of protein for parenteral 
administration (2-7). The present investigation 
was designed to elucidate further the usefulness 
of modified human globin with particular regard 
to its nutritive value and clinical tolerance in man. 


MATERIALS AND METHODS 


Clinical tolerance to intravenous infusions of modified 
human globin was observed in 20 convalescent patients, 
and the nutritive value of this protein was investigated 
by nitrogen balance studies in six male subjects. Four 
of these six subjects, M. M. age 50, J. R. age 35, F. O'D. 
age 60, and W. O. age 43, were essentially normal except 
for a moderate degree of undernutrition; one, J. B. age 
43, had minima! cirrhosis of the liver proven by biopsy; 
and one, J. G. age 28, was a normal medical student. None 
of the patients, except J. B., had evidence of liver or 
renal disease. They were maintained on the Thorndike 
metabolic ward and offered diets providing constant 
intakes of protein and calories. Dietary nitrogen and 
calorie intakes were calculated from standard food tables 
(8, 9). Macro-Kjeldahl analysis of three separate lots of 
modified human globin yielded an average value for 
nitrogen content of 15.7 per cent. In these studies the 
conventional factor 6.25 was used to convert globin pro- 
tein to nitrogen. The nitrogen content of the isoleucine 


1 The expenses of this study were defrayed in part by a 
grant from Sharp & Dohme, Inc., West Point, Pennsyl- 
vania to Harvard University. 

2 Welch Fellow in Internal Medicine of the National 
Research Council. 

8 “Modified human globin” was furnished for this study 
by Dr. William Boger, Sharp & Dohme, Inc., Glenolden, 
Pennsylvania. 


used was calculated from the analytical data provided by 
the manufacturer. Analyses of the diets for nitrogen con- 
tent were not done. In the case of the diets which were 
essentially devoid of protein, the errors introduced by the 
use of calculated values rather than analyzed values for 
nitrogen intake would be minimal. In the case of those 
subjects given diets containing moderate amounts of pro- 
tein the nitrogen intake error might be greater, but since 
the subjects studied were maintained on constant diets 
before, during, and after globin administration this in- 
take error would be constant and would not invalidate 
the observations concerned with the metabolism of globin. 
This intake error would however, detract from the pre- 
cision of those studies designed to compare the nutritive 
adequacy of globin with that of dietary protein. 

The patients were weighed daily under constant con- 
ditions. The 24-hour urine volumes were collected in 
10 cc. of a 5:1 mixture of glacial acetic acid and toluol as 
preservative. Daily urinary nitrogen determinations were 
done by standard micro-Kjeldahl analysis. Urinary 
protein nitrogen was considered as the difference between 
total nitrogen and non-protein nitrogen after the removal 
of urine protein by precipitation with Folin-Wu reagent. 
Pooled stools, obtained during each control and experi- 
mental study period, were preserved with benzoic acid 
and refrigeration. The stool nitrogen content was de- 
termined by the macro-Kjeldahl technique. 

The preparation of the modified human globin used 
in these investigations followed the method developed by 
Strumia and Sample (1) with suitable modifications 
instituted by the manufacturer (10). In the following 
studies globin was prepared for use as a 4 per cent 
solution in distilled water. This aqueous solution of 
globin produced hemolysis in vitro, so that now glucose 
or saline diluent is preferred. 

Serum globin concentration was determined by the 
method of Kendall and Abell as described by Sample, 
Strumia, and Satta (11) and plasma and urine alpha 
amino nitregen by that of Hamilton and Van Slyke (12). 


RESULTS 


I. Nutritive adequacy. Observations were 
made on the nutritive adequacy and the metabolism 
of modified human globin administered to six 
adult men. 
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PHILLIPS, AND C. S. DAVIDSON 


PATIENT 
3200 CALORIES 
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OF PROTEIN WITH AND WITHOUT ISOLEUCINE 


The nutritive adequacy of a protein is dependent 
in part upon its content of essential amino acids. 
Isoleucine is the essential amino acid present in 
globin in smallest concentration (Table I). The 
initial metabolic studies were designed to de- 


TABLE I 


Analysis of modified human globin for content of 
“essential” amino acids 


“Minimum 
daily 
requirement” 
(13) 


Analysis 


globin* 
Gm./100 Gm. 


Methionine 
Tryptophan 
Isoleucine 
Leucine 
Valine 
Histidine 
Arginine 
Threonine 
Phenylalanine 
Lysine 


= 


* The amino acids indicated, excepting tryptophan, were 
determined by microbiologic assay (14) of lot number 38-2 
of modified human acid hydrolysis. Tryp- 
tophan was determined microbiologically following alkaline 
hydrolysis of the globin. The manufacturer’s analysis of 
other lots of globin indicate an isoleucine content of 0.6 
per cent and Albanese reported human hemoglobin to 
contain 0.5 per cent of this amino acid (15). 

t Not required for maintenance of nitrogen equilibrium 
in adult man (13). 


termine whether or not the low concentration of 
this amino acid limited the ability of globin to 
maintain nitrogen balance in adult man. Patient 
M. M. (Figure 1) was maintained on a constant 
diet providing 3,200 calories daily. This diet was 
essentially devoid of protein, and contained only 
0.3 Gm. of nitrogen per day by macro-Kjeldahl 
analysis. In addition to the basal diet, the pa- 
tient received a multiple vitamin capsule daily.® 
During the first four days of study this patient 
ingested as a sole source of protein an amount of 
globin furnishing 9.6 Gm. of nitrogen daily. In 
addition, he received 1 Gm. dl-isoleucine ® orally 
three times daily. During these four days nitrogen’ 
balance and body weight were maintained. On the 
fifth day isoleucine administration was stopped, 
but the globin was continued for the next seven 


* This diet maintained nitrogen balance and body weight 
in a normal male when casein was provided as the sole 
source of dietary protein. 

5“Dayamin,” furnished by Abbott Laboratories, North 
Chicago, Illinois, and containing per capsule: thiamine 
hydrochloride 5 mg., riboflavin 5 mg., ascorbic acid 100 
mg., nicotinamide 25 mg., pantothenic acid 5 mg., py- 
ridoxine 1.5 mg., vitamin A 10,000 U.S.P. units, and 
vitamin D 1,000 U.S.P. units. 

® Provided by Merck and Company, Rahway, New 
Jersey. 
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days. Were isoleucine a limiting amino acid, an 
immediate negative nitrogen balance with increase 
in the output of urinary nitrogen would be ex- 
pected. This did not occur. In (act, the nitrogen 
balance and body weight during the period in 
which globin was administered alone by mouth 
was comparable to the previous period in which 
isoleucine was given in addition to globin. During 
the ensuing nine days of study the patient was 
given food protein containing nitrogen approxi- 
mately equivalent to that in the previously ad- 
ministered globin. There was essentially no 
change in nitrogen balance. A second normal in- 
dividual (J. G., Figure 2) studied in a similar 
manner yielded comparable results. 

A third patient (J. B., Figure 3) was provided 
with a similar protein-free basal diet and given glo- 
bin equivalent to 7.1 Gm. of nitrogen intravenously 
daily as the sole source of protein for five days. Ni- 
trogen balance and body weight were maintained. 
The trend toward less positive nitrogen bal- 
ance during the last two days of this period of 
study was due to an increase in the urinary ex- 
cretion of protein. Earlier in his study, J. B. was 
given globin intravenously in addition to a 50 Gm. 
protein diet. During the period of globin ad- 
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ministration nitrogen balance was more positive 
than during the initial control period, indicating 
retention of globin nitrogen. 

F, O’D. (Figure 4) illustrates another metabolic 
study in which globin was administered intra- 
venously as a supplement to a diet. During the 
initial six day control period, the patient was 
maintained on a constant diet providing 35 Gm. of 
protein and 3,000 calories daily. Globin providing 
4.8 Gm. of nitrogen was added intravenously daily 
during the next six days. This regimen was fol- 
lowed by a second six-day control period. During 
the period of intravenous globin administration, a 
more positive nitrogen balance was obtained than 
during either the fore- or after-control period. 
Urine nitrogen excretion increased significantly 
during globin administration, but was largely at- 
tributable to protein (presumably globin) in the 
urine. In the control period following intra- 
venous globin administration there was an increased 
output of urinary non-protein nitrogen and a slight 
negative nitrogen balance suggesting metabolism 
of the previously administered protein. During 
the last nine-day period of study this patient was 
given a quantity of dietary protein equivalent in 
terms of nitrogen content to the globin previously 


T JG. R 1ET 
PATIEN OTEIN FREE DIE 
3300 CALORIES GLOBIN P.O. 

OIET 
DAILY ISOLE UCINE | 


BODY 85) 
WEIGHT 
KGM. 


80 


NITROGEN 
BALANCE 0 
GM/DAY 


N INTAKE 46 
GLOBIN 
DIET PROT. 57 
ISOLEUC. a. 


N OUTPUT 5 
STOOL oO 


10 
URINE 


DAYS 


9 12 


Fic. 2. Moptrrep HUMAN GLoBIN ADMINISTERED ORALLY AS A SOLE Source 
OF PROTEIN WITH AND WITHOUT ISOLEUCINE 


5000 
15 DIARRHEA 


G. J. GABUZDA, JR., G. B. PHILLIPS, AND C. S. DAVIDSON 


JB. DIET PROTEIN 


PATIENT 


2 ORI 
600 CAL es GLOBIN 
DAILY LV. 


70 


BODY 
WEIGHT 6s 
KGM so! 


NITROGEN 


BALANCE * 
GM/O0AY 


DIET PROTERO 
GLOBIN via, 


N OUTPUT 


Fic. 3. Mopiriep HuMAN GLopIN ADMINISTERED INTRAVENOUSLY AS A 
SUPPLEMENT TO A DiET AND THEN AS A SOLE SouRCE OF PROTEIN 


administered intravenously. Positive nitrogen period of globin infusions. A similar study was 
balance again resulted, and was comparable in done in another patient, J. R., (Figure 5). The 
magnitude to the balance obtained during the _ results of this study were comparable to those ob- 
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The metabolic data of another subject, W. O., 
maintained on a constant diet providing 50 Gm. of 
dietary protein and 2,800 calories per day are 


served in F. O’D., intravenously administered 
globin again comparing favorably with an ap- 
proximately equivalent amount of dietary protein. 
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TABLE Il 


Average 
infusion 
Globin time 
Patient Gm./day Days Hours 


J. 6 


Urinary 
protein 
am./day 


Per cent 
excreted 
8.0 
7 
7 
11 
4 9 


3 
2 
2 
2 
1 


presented in Figure 6. Following a control period, 
4.6 Gm. of nitrogen as globin were given intra- 
venously for six days in addition to the basal diet. 
During this period of globin infusions several 
grams of nitrogen were retained. The urinary 
nitrogen excretion increased but the non-protein 
nitrogen excreted in the urine did not change sig- 
nificantly indicating that this increase was due to 
the excretion of protein. Following a_ post- 
infusion control period, the patient was given 
intravenously a solution of amino acids? contain- 
ing ample quantities of the essential amino acids. 
This solution furnished an equivalent amount of 
nitrogen, and was given in the same volune of 
fluid and at the same rate of infusion as the 
previously administered globin. Positive nitro- 
gen balance again occurred during a four-day 
period of observation, but was less than that ob- 
served during globin administration. This less 
positive nitrogen balance could not be attributed 
to aminoaciduria, since only a small proportion 
of the infused amino acids were lost in the urine. 

The increased urinary excretion of nitrogen 
noted in the patients during intravenous globin 
administration was due to proteinuria primarily. 
Table II indicates the extent of this loss in the 
patients studied, to whom 32 to 48 Gm. of globin 
were given intravenously daily for five to six days 
with average infusion times ranging from one and 
one half to three hours. The daily loss of protein 
in the urine ranged from 7.2 to 11.3 Gm. Thus, 
22.5 to 28.8 per cent or approximately one-fourth 
of the infused globin was lost in the urine as 
protein. The proteinuria had no relation to the 
time required for the infusion. The magnitude of 
proteinuria following globin infusions noted in the 
present study is similar to that reported by Water- 


™*Solution of Amino Acids” furnished by Merck and 
Company, Rahway, New Jersey. 
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TABLE Ill 


Proteinuria (Gm. per day) following I.V. human 
globin and albumin 


Days of infusion 


Days after infusion 


LR CJ. 


Patient Patient 
J.R 
50 Gm. 
albumin 
LV 


32 Gm. 
globin 
LV. 


daily daily 


house, Fenninger, and Keutmann (5), but greater 
than that observed by others (7, 16). 

Table III contrasts modified human globin and 
concentrated human serum albumin with respect 
to the proteinuria which occurs following their 
intravenous administration. Patient J. R. re- 
ceived 32 Gm. of globin daily for six days. On 
the first day and on each successive day of globin 
administration, significant quantities of protein 
appeared in the urine; but proteinuria was not 
present during the days immediately following 
cessation of globin infusions. Patient C. J. re- 
ceived 50 Gm. of albumin intravenously daily for 
16 days. Proteinuria did not occur until the sixth 
day of infusion and then only gradually increased. 
After discontinuation of albumin therapy, the pro- 
teinuria cleared gradually during the next six days. 
This disparity in excretion rates may be related 
to the difference in molecular size of the two pro- 
tein preparations since the molecular weight of 
albumin is approximately twice that of the modi- 
fied human globin preparation used. 

Modified human globin was not detected in the 
serum 24 hours following single or multiple in- 
fusions. Moreover, in one study electrophoretic 
analysis * of the serum obtained 24 hours follow- 
ing the administration of 192 Gm. of globin in six 
days did not show the characteristic boundary of 


8 The analysis was done by Dr. Peter Bernfeld, Tufts 
College Medical School, using veronal buffer pH 8.60, 
ionic strength u 0.1, electrical field 88 V./cm. The 
photographs were taken after 4,800 seconds. The mobility 
of the globin was 4.28 x 10* cm.* volt” seconds*. 


Proteinuria following intravenous infusions of globin 

O. 32 6 
F.O'D. 32 6 
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globin. The rapid disappearance of infused globin 
from the blood has been noted by others (7, 16). 
In contrast to this, following the daily administra- 
tion of concentrated human serum albumin the 
level of albumin in the blood progressively rises 
and after cessation of administration there follows 
a slow and progressive decrease (17). The com- 
plete removal of globin from the blood even when 
given on consecutive days probably indicates that, 
apart from the fraction excreted in the urine, it is 
metabolized or stored in the body. The rise in 
plasma and urine alpha amino nitrogen which 
occurred following the infusion of globin (Figure 
7) offers further evidence that the globin is 
metabolized. These increases are of such mag- 
nitude that they cannot be accounted for by the free 
alpha amino nitrogen content of the globin itself. 
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II. Clinical tolerance. Fifty-two infusions of 
freshly mixed 4 per cent globin in water were 
administered to twenty individuals in quantities 
ranging from 16 to 32 grams per infusion and at 
rates varying from 0.14 to 0.96 gram per kilogram 
per hour. Four subjects received 32 grams intra- 
venously daily for six consecutive days. 

There were no serious untoward reactions, al- 
though the incidence of annoying reactions was 
high (Table IV). The most frequent of these 
was flushing which occurred with most of the lots 
of globin used. The intensity of the erythema was 
proportional to the speed of the infusion and could 
be increased or decreased by respectively altering 
the infusion rate. The second most common un- 
desirable effect was pruritis which appeared in 
many of the patients displaying the flush. Mild 
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TABLE IV 


Clinical tolerance to modified human globin 
52 infusions* to 20 subjects 


No. No. Per cent Per cent 


Reactions reactions subjects infusions subjects 
Flush: 
Marked 8 12 67 60 
Moderate 18 
Mild 9 
Total 35 
Itching 21 9 40 45 
Chills and fever 6 6 12 30 
Nausea 1 1 2 5 
Anorexia 0 
Vomiting 0 
Local reaction 0 


Blood pressure, pulse, respiration: No consistent or sig- 
nificant changes. 
* Each infusion furnished 16 or 32 Gm. of globin. 


pyrogenic reactions also occurred, but were limited 
to four of the twelve lots of globin used. Local 
reactions did not occur. Blood pressure, pulse, 
and respiratory rates taken before and after 20 
infusions in 14 subjects showed no noteworthy 
changes. Despite eleven infusions of a total of 
432 Gm. of globin administered over the course of 
17 days to one subject (J. B.) with minimal cir- 
rhosis of the liver by biopsy, the bromsulphalein 
retention test and the serum bilirubin level re- 
mained normal. 

Complete urinalyses were done immediately be- 
fore and after globin infusions in 11 of these 
patients. No abnormalities developed in tests for 
albumin (heat and acetic acid), for reducing sub- 
stances (Benedict’s reagent), or in microscopic 
examination of the sediments. All of the post- 
infusion urines, however, produced a heavy pre- 
cipitate with Esbach’s reagent (a solution of picric 
and citric acids). A solution of 4 per cent globin, 
similarly tested, likewise gave a heavy precipitate 
with Esbach’s reagent but no precipitate with heat 
and acetic acid, suggesting that the proteinuria ac- 
companying the globin infusions resulted from the 
renal excretion of the infused material. These two 
tests for urinary protein offered a simple means of 
distinguishing “globinuria” from the usual pro- 
teinuria, as the latter is precipitated by heat and 
acetic acid as well as by Esbach’s reagent. 

To investigate the possibility of in vivo hemoly- 
sis with 4 per cent globin, urine guaiac tests were 
made on the eleven pre- and post-infusion urines. 


All pre-infusion specimens were guaiac negative, 
while eight of the eleven post-infusion specimens 
gave a positive reaction. But since the 4 per cent 
aqueous solution of globin itself was found to give 
a markedly positive guaiac (and benzidine) test, 
the guaiac positivity of the post-infusion urines 
was due presumably to the urinary excretion of 
the infused material. ‘Red urine” was not ob- 
served in any of the patients who received globin 
intravenously. 

To determine whether or not globin interferes 
with the typing and cross-matching of blood, two 
patients were infused with 32 grams of globin 
in one hour. Blood samples drawn immediately 
after the infusion showed no rouleaux formation, 
and typing and cross-matching were accomplished 
without difficulty. 


COM MENT 


Solutions of protein for parenteral feeding 
should be free from untoward reactions, and the 
protein should be of good quality and readily avail- 
able to the body cells. The availability of globin 
is indicated by its ability to maintain nitrogen 
balance when given as a sole source of nitrogen 
orally, by its approximate equivalence nutritionally 
to comparable quantities of nitrogen as protein by 
mouth or amino acids intravenously, and by the 
failure to find globin in the blood 24 hours after 
prolonged daily parenteral administration. Fin- 
ally, the rapid appearance of aminoacidemia and 
aminoaciduria following globin infusions suggest a 
rapid breakdown of the globin. Human serum 
albumin given intravenously has a 50 per cent 
disappearance time of about five to ten days (17, 
18). In contrast, the half-life of globin is probably 
several hours as indicated in the present study and 
studies utilizing tagged globin (16). Un- 
toward reactions following globin infusions, al- 
though frequent in occurrence, were never severe 
nor harmful in the studies reported here. Their 
incidence has been reported to have decreased with 
lots of globin manufactured more recently than 
those used in this study (6). The urinary excre- 
tion of large quantities of protein following the 
intravenous administration of globin gives rise to 
a consideration of possible renal damage. The 
suggestion that some of the urinary protein is not 
globin but serum protein (6) supports this thesis, 
as do occasional reports of hematuria. Further 
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and more detailed studies of renal function must 
be done to exclude renal damage as a complication 
of globin administration. Post-infusion urine ex- 
aminations were not abnormal in the present study 
and Brandt, Caccese, and Ginsberg (19) found 
no evidence of changes in renal function following 
globin administration. 

Considering the high level of urinary excretion, 
and rapid breakdown im the body of globin as com- 
pared to albumin, one might suspect that globin 
would be a less effective plasma expander than 
albumin or plasma. Nevertheless, the duration of 
action of globin may be sufficient to warrant its 
use as a plasma volume expander in the manage- 
ment of emergency situations. For example, 
globin has been used in the treatment of post- 
operative shock and shock accompanying hemor- 
rhage or burns (2, 6, 7). 

Although the data presented are too limited to 
justify a comparison of the nutritive adequacy of 
globin to solutions of amino acids or protein 
hydrolysates, the usefulness of parenterally ad- 
ministered globin may lie in its ability to furnish 
available protein. 


SUMMARY AND CONCLUSIONS 


The nutritive value of modified human globin 
was investigated by nitrogen balance studies in 
six men. The studies indicate that nitrogen bal- 
ance and body weight were maintained while 
globin was given orally to two men for 8 and 11 
days, respectively, as the sole source of protein 
in a calorically adequate diet. Although the quan- 
tities of globin administered orally provided less 
than the tentative minimum daily requirement of 
isoleucine as estimated by Rose (13), the oral 
supplementation of globin with this amino acid did 
not enhance the nutritive adequacy of globin as 
measured by nitrogen balance in two subjects. 
Globin given intravenously as a supplement to a 
constant diet resulted in increased positive nitro- 
gen balance and retention of nitrogen of magnitude 
comparable to that observed during subsequent 
study periods during which equivalent quantities 
of dietary protein were ingested. The increases in 
urinary nitrogen excretion noted during intra- 
venous globin administration were attributable 
primarily to the excretion of approximately 25 
per cent of the infused material as protein. 


That infused globin rapidly disappears from the 
blood is indicated by the prompt cessation of 
proteinuria after globin infusions, and the failure 
to detect significant quantities of globin in the 
serum 24 hours after its administration, The 
rise in plasma and urinary alpha amino nitrogen 
which occurred following the infusion of this pro- 
tein suggest it is rapidly metabolized. 

No serious untoward reactions resulted from in- 
travenously administered modified human globin, 
although transient flushing, pruritus, and mild 
pyrogenic reactions occurred frequently. 

These studies indicate that modified human 
globin may be useful as a source of protein for 
parenteral alimentation, Investigation of its ade- 
quacy as a plasma volume expander was not un- 
dertaken, but the prompt disappearance from the 
blood of intravenously administered globin, re- 
sulting, in part at least, from its rapid rate Of 
metabolism and high level of urinary excretion, 
suggests that its usefulness for this purpose may be 
limited. 
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Boeck’s sarcoid frequently produces widespread 
roentgenologic evidence of pulmonary disease 
without clinical signs or symptoms. Wright and 
Filley (1) reported normal pulmonary function 
studies in one such case. Others (2, 3, 4, 5) 
have reported a variety of effects of more ad- 
vanced sarcoidosis on pulmonary function. This 
report is a study of pulmonary function in six 
cases of Boeck’s sarcoid and emphasizes the fre- 
quent coincidence of widespread disease without 
severe functional impairment. 


MATERIALS AND METHODS 


The six patients included in this report were all young 
males in Walter Reed Army Hospital. In each instance 
a positive diagnosis of Boeck’s sarcoid was made on 
histologic material (peripheral lymph node or lung [Case 
I]), and in each instance exhaustive study ruled out the 
presence of tuberculosis. The pertinent clinical data are 
summarized in Table I. 

Maximum breathing capacity was determined by having 
the subject breathe as deeply and as rapidly as possible 
for 15 seconds through a low-resistance respiratory valve 
into a Douglas bag. The predicted normal value is based 
on a formula by Wright (6) which obtains for normal 
males studied in this laboratory. 

Pulmonary ventilation-perfusion studies were  per- 
formed as outlined by Riley, Cournand, and Donald (7). 
Fasting subjects lay supine for twenty minutes breathing 


room air with an indwelling needle in the radial artery, 
whereupon expired air was collected over a three-minute 
interval and arterial blood was allowed to flow into a syr- 
inge the dead space of which was filled with mercury and 
a heparin-fluoride mixture. The arterial sample was col- 
lected for a 1-minute interval during the middle of the ex 
pired air collection and was analyzed immediately for blood 
gas tensions. Subsequently, the study was repeated during 
the inhalation of 14 per cent oxygen after a 20-minute 
interval had elapsed in order to achieve a steady state. 
Gas volumes were measured in a Tissot spirometer and 
corrected to body temperature. Gas composition was 
measured by the Scholander micro-gas analyzer (8) and 
duplicates checked within plus or minus 0.03 volume per 
cent. The RQ of the expired air was calculated from the 
alveolar equation (9). Arterial pCO, and pO, were 
measured by Riley’s technique (10) and all duplicate 
analyses checked within plus or minus 3 mm. Hg. In 
standardizing this technique a large number of analyses 
was performed on samples of blood previously equilibrated 
in a tonometer with gas of known tensions. Agreement 
was good between blood and gas tensions and there was 
no need for the correction factors recommended by Riley. 
The effective alveolar oxygen tension was calculated 
from the alveolar equation, substituting arterial pCO, for 
alveolar pCO, From a knowledge of the alveolar- 
arterial oxygen gradient at two levels of oxygenation, the 
effects of venous admixture and of impaired diffusion on 
reducing the arterial oxygen tension can be calculated 
(11, 12). The per cent venous admixture and the oxygen 
diffusing capacity were calculated from this data by means 
of charts developed by Riley, Cournand, and Donald (7). 


TABLE I 
Clinical data on six patients with Boeck’s Sarcoid 


X-ray 


Symptoms 


Large, rounded, discrete lesions through- 


out both lung fields. 


Slight hilar generalized hazy 
both lungs. 
Slight hilar adenopathy ; generalized hazy 
ht both lung fields. 
Moderate hilar adenopathy ; increased lung 
markings with slight nodularity. 


infiltration throug 


infiltration throug 


Marked hilar adenopathy and hazy paren- 


chymal infiltration. 
Hilar adenopathy. 


Spontaneous pneumothorax on left. No 
other cardiorespiratory symptoms. 
No cardiorespiratory symptoms. 5-month 
history of uveitis due to sarcoidosis. 
9-month history of vague chest pain with- 
out cough or dyspnea. 
l-year history of intermittent dry cough 
and shortness of breath on heavy exertion. 
Twice treated with cortisone. 
1-year history of progressive exertional 
ie 4 months of dry cough. 
o cardiorespiratory symptoms. Diagno- 
sis made on routine chest X-ray 6 months 
before study. 


Case B.S.A. Age 
4 I 1.85 23 
II 1.75 24 
Hl 1.88 26 
IV 1.70 26 
V 1.80 22 : 
VI 1.92 26 ae 
909 
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Accurate calculation of the oxygen diffusing capacity re- 
quires that the effective alveolar-effective capillary oxygen 
tension gradient be at least 4mm. Hg. Ina study of nine 
normal individuals in this laboratory a mean diffusion 
gradient of 1 mm. Hg was found so that the normal 
diffusing capacity cannot be calculated. A value of 20 
has been arbitrarily selected as the low limit of normal for 
DO,. Twenty-one normal distribution gradients were 
measured in this laboratory and the mean gradient was 9 
mm. Hg, corresponding to a venous admixture effect of 
4 per cent. Similar values for the normal distribution 
gradient have been reported by Ryan and Hickam (13), 
Filley, Gregoire, and Wright (14), and Blount, McCord, 
and Anderson (15). However, Comroe and Dripps (16) 
and Galdston and Wollack (17) have found no difference 
between effective alveolar oxygen tension and arterial 
oxygen tension in normal subjects. In dogs (18) the 
size of the distribution gradient has been found to vary 
directly with the magnitude of the alveolar ventilation, 
and a similar relationship has been found in man (19). 
This effect is probably due to uneven ventilation which 
causes different RQs in various parts of the lung and, 
hence, a gradient between effective alveolar air and 
arterial blood (18, 20). Thus, the venous admixture 
effect may vary from 0 to 8 per cent in normal individuals 
depending upon the nature of the ventilation. 

The dead space was calculated from the Bohr equation 
(9) and, in normal people, occupies less than 30 per cent 
of the tidal volume. The relative size of the dead space 
is also dependent upon the nature of the ventilation and 
may be increased up to 40 per cent of the tidal volume 
if the breathing is rapid. 
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RESULTS 


The results of these studies are summarized in 
Tables II and III. Spirometry was performed on 
all patients, and in none was there evidence of 
respiratory obstruction. 

Case I was entirely asymptomatic. Six months 
before the time of the study he had a spontaneous 
pneumothorax, following which chest X-ray 
showed extensive parenchymal involvement with 
many large rounded densities scattered through 
both lung fields. Five months before study lung 
biopsy revealed granulomatous disease consistent 
with Boeck’s sarcoid. Chest X-ray was unchanged 
at the time pulmonary function studies were per- 
formed and the studies were entirely normal. 

Case II had no cardiorespiratory symptoms, al- 
though X-ray revealed moderate hilar adenopathy 
and slight generalized parenchymal infiltration. 
The venous admixture effect was at the upper 
limits of normal, and other studies were entirely 
normal. 

Case III reported no cardiorespiratory symp- 
toms other than a nine-month history of vague 
chest pain. X-ray revealed slight hilar adenopathy 
and a diffuse, hazy parenchymal infiltration. Ven- 


tilatory function was normal, but the patient ex- 


hibited hyperventilation at rest. Since this was 


TABLE II 
Gas exchange data 


“Effective” 
alveolar 
oxygen Art. 
tension Po, 


Inspired 
oxygen 
tension 


Art. 
PCo, 


Pao: Paco: 


mm. Hg 


P*tAos 
mm. Hg 


Plo: 


mm. Hg 


mm. Hg 


Oxygen 
consump- 
tion Respira- 
ml./min. tory 
PEcor STPD quotient 


mm. Hg Vo: R 


Ventila- 
tion 
L./min. 
BTPS 


Expired 
PCO: 
Resp. 
rate 


148 93 88 41 
100 56 55 39 


148 99 88 38 
$2 


94 
54 


30 243 70 
28 236 87 


26 305 74 
81 


| 


.73 
.86 
.66 
81 


65 
.87 


65 
.86 


wo ~ ¢ of 
Sa Sa & 


q | 

4 

il 

148 87 41 20 4 21 293 
o 96 44 38 21 5 16 262 ' 
a IV 148 08 87 39 28 2 8 218 : 
2 101 60 55 36 27 3 10 199 

ae 150 96 83 38 25 3 8 232 

ea 102 62 55 33 17 4 i 198 

4 V 150 102 77 34 13 6 40 281 | 

a 98 60 48 34 15 6 34 253 

es VI 149 93 89 39 20 3 17 263 | 

- 101 58 53 38 22 4 19 254 


PULMONARY 


FUNCTION 


IN BOECK’S SARCOID 


TABLE I 


Summary of ventilation, distribution, and diffusion data 


Maximum breathing 
capacity 
L./min. 

BTPS 


Liters 
BTPS 


Obs. 


Pred. 


185 
184 
181 
181 
181 
184 
181 


Case Obs. 
I 185 
II 179 

III 168 
IV 136 
136 

VI 


138 
139 


Vital capacity 


Pred. 


Oxygen 
diffusing 
capacity of 
the lungs 
cc./min./mm. I1g 
Do. 


Normalt 

Normal 
15 

Normalt 
14 


Ratio of 
venous 
admixture 
to total 
blood flow 


Qva/Qt 100* 


Ratio of 
dead 
space 

to tidal 

volume 


Vp/Vr X 100 


15 
18 


* Calculations are made with an assumed A-V difference of 25 per cent saturation. 
t If the P*ao, — Paos gradient is less than 4 mm. Hg during 14 per cent O» breathing DO: is represented simply as 


“Normal.” 


not present on exercise, it probably was of func- 
tional origin rather than due to the pulmonary dis- 
ease. This patient showed a slightly diminished 
diffusing capacity 
abnormal venous 


and a large dead space without 
admixture. In the absence of 
seriously impaired diffusion or blood-gas distribu- 
tion the increase in relative dead space may be at- 
tributed to the hyperventilation. 

Case 1V gave a one-year history of intermittent 
cough and dyspnea on heavy exertion for which 
lhe had twice received five-week courses of corti- 
sone therapy, one year and nine months before 
X-ray revealed hilar adenopathy and in- 
The data 
obtained on two occasions, separated by a ten-day 
Maxi- 


studied, 
creased lung markings with nodularity. 


interval, are both included in the tables. 
mum breathing capacity was reduced, although 
vital capacity was normal. The dead space was 
not increased but the venous admixture effect was 
at the upper limit of normal and the diffusing 
capacity at the lower limit of normal. 

Case V gave a one-year history of exertional 
dyspnea which was accompanied more recently by 
a slightly productive cough. X-ray revealed 
marked hilar adenopathy and generalized ‘iazy in- 
filtrations of the lung parenchyma. He showed 
abnormality in all functions measured with re- 
duced MBC and vital capacity, hyperventilation at 
rest and on exercise, diminished diffusing capacity, 
a large venous admixture effect and a large dead 
space. 

Case VI had no cardiorespiratory symptoms. 
Six months before the study, routine chest X-ray 
showed hilar adenopathy with some nodular in- 


crease in lung markings in the perihilar areas. 
Although his vital capacity was normal, he showed 
a diminished maximum breathing capacity. Nev- 
ertheless, there was no increase in dead space or 
venous admixture, and diffusing capacity was 
normal, 


DISCUSSION 


The abnormalities in pulmonary function in 
Boeck’s sarcoid exhibit great variability. This 
might be expected from a knowledge of the path- 
ology of the disease. Basically, the lesions consist 
of granulomata in the alveolar walls with large 
areas of normal lung interspersed between the 
diseased tissues, and accumulations of granulo- 
matous lesions in the peribronchial and perivas- 
cular areas (21). These granulomata generally 
become fibrosed, and the extent of the resultant 
scar tissue determines the effect of the disease on 
lung function. Patients with peripheral granu- 
lomata without scarring and with large areas of 
normal lung (Case 1) may exhibit perfectly nor- 
mal lung function at rest. Another ,uch case has 
been reported by Wright and Filley (1), and the 
only abnormality in that individual was hyperven- 
tilation on exercise, 

On a priori grounds, one would anticipate that 
extensive scarring of the lung parenchyma would 
lead to impairment of ventilatory function, hyper- 
ventilation at rest, and an increase in the size of 
the lung dead space. One or more of these find- 
ings was evident to a slight extent in Cases ITI, 
IV, and VI. 


progressed to the point of significant interference 


In these cases the process had not 


911 
5.0 22 3 
5.6 21 6 
3.4 37 4 
4.0 18 6 
3.8 25 8 
3.0 40 14 | 
5.4 28 2 
d 
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with the diffusion of oxygen or with the ventila- 
tion-perfusion relationship of sufficient area of 
lung to cause an increase in venous admixture. 
Similar findings have been observed by others in 
one patient who had diminished ventilatory func- 
tion (MBC and vital capacity) and an increased 
lung dead space but normal resting diffusing ca- 
pacity and venous admixture (22). Baldwin, 
Cournand and Richards (5) have included five 
such cases of Boeck’s sarcoid in their group 1 of 
pulmonary fibrosis. 

More extensive involvement of the lungs with 
the pathologic process leads to generalized pul- 
monary fibrosis with interference of all phases of 
pulmonary function. Case V is an example of 
generalized pulmonary fibrosis with evidence of 
alveolar-capillary block. In addition to impaired 
ventilatory function (hyperpnea at rest) and a 
large dead space, he had a greatly increased venous 
admixture effect and slightly diminished oxygen 
diffusing capacity. Reports by others (3, 4) in- 
clude five more such cases with the manifestations 
of “alveolar-capillary block.” 

The presence of granulomata in the hilar lymph 
nodes and peribronchial areas exerts no effect on 
pulmonary function unless there is encroachment 
on the airways. None of these patients demon- 
strated signs of obstructive disease, although 
Coates and Comroe (2) reported five out of eight 
cases of Boeck’s sarcoid who showed this type of 
abnormality. 

Thus, the physiologic abnormalities Boeck’s 
sarcoid would appear to be quite variable but 
dependent upon the location and the extent of the 
pathologic process. Peripheral granulomata, even 
though extensive, may exert no measurable effect 
on pulmonary function at rest. Accumulations of 
fibrous tissue around the airways may lead to a 
predominantly obstructive type of disease. Ex- 
tensive scarring of the parenchyma may lead to 
restriction of lung volume, impairment of maxi- 
mum ventilatory function, increase in the size of 
the pulmonary dead space, and an augmented 
venous admixture effect, probably due to uneven 
ventilation and perfusion of the lung. Finally, 
diffuse fibrosis may cause impairment of the dif- 
fusing capacity of the lungs, either by thickening 
of the alveolar wall or by reduction in the number 
of pulmonary capillaries, as discussed by Riley, 


Riley, and Hill (4). Such effects may occur 


singly, but in advanced cases they generally occur 
in combination. In the cases herein reported, no 
particular combination of defects was obvious, 
three patients having a single different abnor- 
mality. The diffusing capacity in these patients 
was only measured at rest, and it is quite possible 
that their maximum diffusing capacities were sub- 
normal, in view of the apparent frequency of 
“alveolar-capillary” block in this disease. Only 
two patients experienced exertional dyspnea and 
in all but Case V the degree of functional impair- 
ment was slight despite the presence of large areas 
of disease evidenced by X-ray. 

Finally, a word should be said about therapy 
with cortisone or ACTH. Although the functional 
deficit may correlate with the patient’s symptoms, 
one cannot correlate the extent of disease demon- 
strable by X-ray with the effect of the disease on 
pulmonary function. Since pulmonary tubercu- 
losis may easily be mistaken for Boeck’s sarcoid, 
and since cortisone and ACTH are considered to 
exert an unfavorable action on tuberculosis, such 
therapy should not be considered on the basis of 
the amount of disease which is demonstrated by 
X-ray alone. Cortisone and ACTH should be 
reserved for those cases in which there is evident 
effect of the disease on pulmonary function. 


SUMMARY 


Observations are presented of some pulmonary 
functions in six patients with Boeck’s sarcoid. 
There was little correlation between the degree of 
roentgenologic involvement and of impaired pul- 
monary function, Pulmonary function in’ such 
patients at rest may be normal despite the presence 
of large areas of diseased lung by X-ray. Sar- 
coidosis may cause pulmonary fibrosis with di- 
minished ventilatory function and increased pul- 
monary dead space. In advanced cases, these 
abnormalities may be accompanied by impairment 
of oxygen diffusing capacity and of pulmonary 
ventilation-perfusion relationships. 
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for microslides, transparencies, lantern slides, 
cards, etc. And use any of them anytime for 
spaced filing instantly. Lift out the separator, 
and you clear the drawers for close-packed 
storage. 

Other units in the ‘‘Lab-aid"' line provide 
for flat-filing microslides . . . for filing paraffin 
blocks, for ‘'frame-spread"’ transparency filing. 
All are staunchly built of heavy gauge steel, 
strongly welded throughout. All have the same 
basic 19” square dimension, so they stack 
rigidly to any convenient height. 

Write for the catalog describing these 


uniquely efficient ‘‘Lab-aid" filing cabinets. 


..- because every inch is a filing inch 


laboratory filing equipment 
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BRAND OF ONVTETRACYCLINE 


Terramvein 


an agent of choice in urinary tract infections: 


e promptly effective against a 


broad-spectrum of urinary pathogens 


© high concentration in active form 


in urinary tract 


© well tolerated, even upon prolonged 


administration 


Terramycin “The resistant cases showed remarkable response.”* 


is acclaimed * . . has cured where all other antibiotics have failed.””” 


“Patients with pyelitis were well and 


by urologists everywhere 
doing their usual duties within 24 hours. . .” 


3 


for unsurpassed action in ‘ 
: ; “Morbidity from apparent genito-urinary 
chronic urinary tract causes was noted in only one patient of 44 
infections patients who received prophylactic Terramycin.”* ‘ 
acute urinary tract “Terramycin is generally well tolerated, the percentage 
infections of relapses being low and the percentage 


of bacteriological as well as clinical cures high.” 


urinary tract surgery 
1. Ferguson, C., and Miller, C. D.: J. Urol. 67:762 (May) 1952. 
2. Trafton, H. M., and Lind, H. E.: Ibid. 69:315 (Feb.) 1953. 
3. Blahey, P. R.: Canad. M. A. J. 66:151 (Feb.) 1952. 
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